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Il. INTRODUCTION 

Thi~ volume summarizes the data pertinent to radiochemical analysis 
of the atomic d8bris collected on both aerial and ground filter papers 
during the SANDf>TONE (Unclassified) atomic tests conducted at li:niwetok, 
Marshall Islands, during April and May 1948. These radiochemical 
analyses took place primarily at three field analysis stations which 
were set up at Kwajalein1 Marshall Islands; at Hickam Field, Hono1Ulu1 

Territory of Hawaii; and at North Field, Guam. The gross decay of 
fis:don products collected on these aerial and ground filters was 
also studied over an extended period of time. 

Gaseous samples collected during these tests were analyzed for the 
gaseous fission product xenon at the laboratories of Tracerlab, Inc., 
Boston, Massachusetts. 

The prime purpose of the9e radiochemical assays w.a~ to determine 
whether or not irrefutable evidence could be obtained that fission 
products which result from an atomic bomb explosion and collected on 
aerial filters during flight~ made at certain strategic dates from 
certain strategic locations. The answer to the above is ,unquestionably 
in the affirmative, since radiochemical analysis proved the presence 
of Test XRAY fission collected on aerial from 

Due to the fact that the radiochemical program was inventigated on 
a "cra~h11 basis, the analyses were only s9mi-qua.ntitative. Nevertheless 
these tat further 
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III. RADIOCHEMICAL ANALYSIS OF FILTER PAPERS 

A. Collection of Activity. 

The fission product activity was collected on an 8 x 18 inch 
Chemical Warfare Type V-5 filter-paper. This paper was chosen because 
it was considered to be the best paper immediately available for the 
purpose, being a reasonable co~promise between collection efficiency 
and flow rate. The paper is comprised of asbestos and cellulose 
fibers with a cotton backing support. 

The radioactive particles were collected from the air throUgh in
sertion of this paper in a fiher box mounted on the underside of B-29 
aircraft. The filter box held two papers and the papers were changed 
during flight at varying intervals which ranged from 1 to J hours. 
The volume of air passing through the filter paper at the normal speed 
of a B-29 was about 30,000 cu. ft. per hour. 

Activity was also collected from the air at several ground level 
stations by means of an electrically power-blown unit which held a 
single S x 18 inch filter paper. 

Unless the filter papers expoeed during aerial reconnaissance had 
a counting rate of at least twice background, they were not subjected 
to radiochemical analysis. Generally, the selected paper was cut in 
half, one-half was subjected to chemicAl analysis and the remaining 
half was saved for possible future investigation pertaining to long
lived fission products and fissionable material. 

B. Radiochemical I5otopes Inve3tigated and Analytical Procedures 
Pertaining lhereto • 

The chemical separation procedures finally developed are outlined 
below: 

n7·,_,,.....u j) =z 3 c.,..L 4 
) , 

a.,J Pc.rtt .s !( f-h ~re-.•tz), 7 

d e)r12-f-eJ b') A ~r ~r~e... _ 
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V. GAS ANALYSIS 

Due to the ~hort hal! life and high !is3ion yi~ld of the fi:os~ion 
produce xenon-133, it was reasonable to assume that the collection ot 
ga:oseou5 samples in the neighborhood of an atomic cloud and the 5Ub-
5equent i!olation and purification of xenon would re~ult· in a radio
active count due to the fis9ion products Xe-lJJ with a half life of 
5.3 day!. and possibly Xe-135 with a hal! lif~ of 9.3 hour~. 

The procedure used wa5 
bas~d upon the work of s. Allan Kline. A tot~l of 129 tanks of com
pre:os:osed air collected by planes b ... sed on Kwajalein, 42 purifhd xenon 

- - - - - -
---- --- - ---~~ - ----- ~ -- ---- ---- ----

sample~ collected from the air and separated Re 
California 
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VI, AIRBORNE CONTAMINATION 

About four weeks following Operation SANDSTQNg (Unclassified), an 
appreciable number of the aerial filter papers resulting from routine 
flights out of Guam contained significant quantities of radioactive 
material. A detailed investigation of these filter papers conclusively 
proved this activity wa~ due to fission products. , Further, detailed 
radiochemical studies and gross half life decay unequivocally demon
strated that the original source of this activity was due to the 
SANDSTONE (Unclassified) tests. The source of the activity was fission 
product contamination present in the filter boxes and overall con
tamination of the planes. Replacement of these filter boxes and 
decontamination of the planes were recommended • 

9 
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VII. PARTICULATE NATURE OF THE ATOMIC DEBRIS 

Previous to Operation SANDSTONE (Unclassified), it had been tacitly 
assumed that following an atomic explosion the fission products, upon 
reaching normal air temperatures, would remain gaseous (monomolecular) 
in nature and would attach themselves as they traversed through the 
air to dust particles or condensation nuclei. The collection of these 
particles containing small quantities of fission products by aerial 
filters would result in fission product activity. Thus, a radio
autograph of the filter paper containing atomic debris should produce 
a continuous darkening of the film. Radioautographs of aerial filter 
papers showed the 5urprising result that the activity was highly con
centrated and produced small spots rather than the expected unifo~ 
distribution. Figure 5 is a reproduction of a typical radioautograph. 
There is no evidence whatsoever of diffusion and hence the fission 
product activity as collected on the papers by aerial filtration 
during the tests is comprised of a relatively small number of separate 
particles in which an extremely large number of fission atoms are 
contained. It is reasonable to assume that these fission products, 
along with the inert material associated with the bomb and that portion 
of the tower which was vaporized, must have been condensed out to fo~ 
particles as the fire ball cooled. Three hundred of these particles 
from Tests XRAY, YOKE and ZEBRA have been isolated. They contain a 
large number of fission product atomsj they are predominantly spherical, 
and those isolated range in size from 2 to 45 microns • 

10 
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VIII • NATURAL ACTIVITY 

Previous to Operation SANDSTONe {Unclassified), control operations 
by mean~ of both aerial and ground filtration were carried out. In 
many cases radioactive substances were collected on these filters • 
This radioactivityt which proved to be due to the presence of natural 
activity (thorium and radiUM decay products) in the air, resulted from 
the diffusion of radon and thoron into the atmosphere. The natural 
activities were present predominantly on ground filters rather than 
aerial filters, because the measu~ents were carried out more rapidly 
following removal from the ground blowers and also because the con-

• centration o! radium and thorium decay products decreases markedly 
with increasing altitude. These natural radioisotopes apparently 
attach themselves to the dust particles and the condensation nuclei 
ever present in the atmosphere, and hence are collected on the Type 
V-5 Chemical Warfare filter paper. Both chemical studies and decay 
data proved that this activity resulted from the collection of radium 
8 and its radioactive daughter radium C and thorium B on the filter 
paper. This is shown in Figure 6, where the beta activity of a J0-50 
minute half life is attributed to the radium series, while the beta 
activity with the 10-15 hour half life was identified as thorium B. 
Hence one must.use care in interpreting gross decay data as fission 
product activity up to three days following collection. 

ll 

F-f~~ "'~ .... J£-1.-wt 
by Pl ;,_ fi.-c e_ 
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IX. GliOSS DECAY 

Way and Wigner h&V$ shown from theoretical considerations that the 
decay of gros~ fission products is given by the following equation: 

A k 
= tl.2 

where A is the gross beta activity in counts per minute at time t, and 
k is a constant. From this, it can be seen that the net beta counts 
per minute as a function of time should yield a straight line on log
log paper with a slope of 1.2. The gross decay of the filter papers 
as measured on thin-walled glass Gei~er tubes was followed for 25,000 
hours. These data are shown in Figure 7. The experimentally determined 
exponent in_this case was 1.0 rather than 1.2. This procedure shows 
promise as a simple method of determining time of explosion, provided 
that reproducible and unifo:~ thin-walled wrap-around Geiger tubes 
can be developed. 

l=;'j-u ~ '7 de 1~-/e._d' 
by )l. ,·,..... r-;;.~--"e__ 
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X. EVALUATION OF THE DATA 

T~ radiochemical analyses carried out on Operation FITZWILLIAM '* Q demonstrated that irrevocable evidence of an atomic explosion 
can be obtained means or atomic cloud interc ion through aerial 
filtration 

The collection of gaseous samples demonstrated that insignificant 
quantities of the fission product radioactive xenon in the gaseous 
state are present in the atamdc cloud. 

It has been proved that the fission product activity is contained 
in particles which apparently result from the condensation of all 
material the 
fire 

The fission products are entrapped in 
and thus, unlike natural activity, do not attach 

dust particles and condensation nuclei ever present in 

It i~ recommended that further research and development be carried 
out to quantitate the radiochemical procedures used, to investigate a 
more judicious selection of the fission product~ to be isolated, to 
·investigate in detail the chemical and physical properties of the 
particulate nature of the atomic bomb debris, to c1evelop a more satis
factory filter paper. to develop a more efficient means of aerial 
fillration, and to develop instrumentation which is specifically 
designed to assay extremely low levels of activity; this program to be 
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1' 0 .A.BS'J!RAM 

In connection with .Project Jitzi1lliam carried out durtDg the Sand
stone teet.. radiochemical allal;rMI vere ll8de of air-borne activ1Uea eollected 
on :tllte;r papera and gaseous ra.dioactlvltiea present in a.ir eamples. ~hs fil
ter a=.Jyaea were m6de at three field ttat1onaz Hiclmm :rteld, T. :H.; XvaJalein, 
M. 1,: aDd llortb:t1eld, Quam, ~ anal,rlfia o! air sample& vas carried out at 
the Boston laboratories of t'racerla.b, Inc. 

!be methods of analyah which ~ere developed for ~· 
were carried out tor _._... 
ana.~lit results, which are ta.b'Ulahd. 

.A. set of reCOMU~ends.tions are included vhich ahould be uaeful 1:! radto
chemical anal;rsia operations are to be conducted 1n the field for otbar atom
bomb testa. 
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·2.0 II!RCDQP!IOI 

In connection Yith ProJect Jit:villia., ~raoerlab. Inc •• vaa reqneated 
bJ Jieadquarhra of U, s. Air Ioree. UMSII-l to conduct thl ra41ocherd.cal aD&l7-
e1s of filter papere on vhich rad.loactl'dtiea .haYe been collected and aliO to 
anal7St g.aa •amplea tor rad1oact1Ye In. acoo vith the 
Pl'O 

e the for carty-
in&; out the proJect vaa lllade Mther late erlab vaa 1rd'ormed. of the pro-
grall ollly allout aix veelce ahead of the UJDIJ necete8l')" for the eetabliehlltzlt o! 
field laboratories an4 actttal~ contracted tor the vork about two vee\B lat•r). 
this undertek!ng vas a •cra.ah 11' program. Onl7 a Y8'J:1 •hort tble vaa anilable 
for prepal'ation, and therefore, the vork vaa to proYide for o%llJ"- a prelilldnaey 
e~lo the of det · t acthitiaa col-
lected 

1t vaa realized at the outaet that there would be considerable dif-
fioul.ty in aecuri~~g the :reonnel for in the ct 

t waa alto zed that 
expe in the collection and anal7-

da of air--borne aion activ1Uea. it would not be pouible to achieve the 
ultiMate 1n aenaitiYity or pr~claion. leverthel•••• it waa expected that ae~
quantitatiYe results would be obtainad which would be uaefnl. aDd accor4ingl~ • 
the analyah proJect vas to be uuerlaken. !l'bls vork waa done u:dder contrach 
Y2~99 ac-IJo.S l1l14 '1128-099 ae-407, nesotiated b7 Vataon le'boratortea and adlllr:.-
18\ered 'by the Air Material Colllmand of the Unit~ !ha work 
undertaken b.f fraeerlab vas giYen the code ~•111111111111111 

!he vork v.hich thh report coven h 111111 ted vi th one eu:ept1on (tabu
lation of naulh of •ground filter" analyda) to that carried o~'\ 1n accordaoee 
Yith lteDt 1 of Contl'B.ct 1128-099 ae-4oS. !hh item ia ent1thcl. -:leaearch and 
Servieea llequired to Anal7ze Ifadloisotope Materials in the field. • ftte pro
vision• of Item l are ghan ln full in Section 6.1. In brief. Item 1 required 
that the contractor man and equip four analyaia stations at locationa deai~ted 
'by the B'eadquart:era of the uw. !hree of theae atation., vere located. outside 
of the continental Urdted Statee aDd ona within tha ecntinental United States. 
In the va:y of aftal.Taie. 1 t waa required that the total, "prtmar,r, 11 beta and 
gaaa act1v1t7 of t1lte2'oo:p&p&r aRDZ.Plea be aeuured.. and f'llrtharlOI:Ire that thoaa 
aamp1ea exhibiting radioact1Ylt7 would be analyzed b7 the uae of simple ab•orber 
foil 'hcllniquea, e.nd, it pouibla, by a ron&h chemical eeparation of the baetc 
~iochamical &~P•· Alp~actiYlty a~eas were required if alpha ac~lYlt7 
e:d.ated in the aat~rplea in sufficient quanUt7, but the ca.rrpng out of alpha 
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aualJaia waa left to the discretion of the contractor. Alao anal1aea of ga• 
aamplea were required, ir auch samples were made available. 

In carrJiDg out the provi1ions of the contract, three field •tationa 
were eet up1 one at B'orthf1eld, Guam: one at XvaJalein, Marshall Islands; and 
one e.t !icka.Dt J'ield, Territory ot Hawaii. 'rheae stations were equipped to do 
the radiochemical analyais of filter papers on which air-borne activities were 
collected. :&ach station vas liiBn.ned by four to ai:i teehdcall;y troined ciTiltans. 
!be atatf of the stations were au~nted by officers and enlisted personnel, 
wbo e.aaisted in the vork. ~~ station for oondueti~ ~· analysis vaa eet np 
in :Bouton, Maaaaehnuth. at the ~cerlab labomtor;y. 

In careying olit the 8I18.l;yaes 
ot all papere received was determined. 

!he next aeotion gives a co!OjSlete diacucsion of the radiochemical analy
ais of the filter papers aa carried ont in the field, together with eonclu9iona 
which Call be draw :from this work. The section following this gi'Yea a diB
auasion of the methods uoed and the results obtained ln the gae-analya1Q work. 
lext. recolfll\endationa for future vo.rk are given which are 'based on experience 
calned. in the field. work. The final aeetiou is the Appendix. Wherever poaai
ble, 1u the courea of the development of the text. detailed informa.tion. data. . 
procedu.rea, a.M. ealculatlona a:re entered in the Appendix. 



leO lWJIOOB:lOOCAL AJA.LYS!S OJ' J'IIJrlm PJP!IR§ 

3.1 P.tnlQl!IR!nt All,! Anplica.t1Qn at froctdpru fpr hphsil of Air-:Bonw 
~1seion 4cj1v1iiet 

Sev1u:·al ooll4.ition. he.d. to be satisfied in order that radiochemical 
~·oe for &ir-borM :tiaeion act1'fit.1e9 could be made. Jliratl.Y. it vu 
neC6UarT to collect enougb actiTity from tba air to permit reliable aet1v-
1t7 meuurement.. and second.l)r. it vas necesaal7 to remove the act1Ttt7 froiQ 
the collector in an efficient and reproducible ~r before !urtber ooucaa
trating 1t fol' radiochemical anal;rsia. !hird.Iy. it vas neeeoe&r'7 to dewlop 
and apply eathfactoey methods of radiocbamical e.na.l.ydt 1 and tlnal].y. U wait 
desirabla to eheolt: on the rs.diochemioal purit7 of fracUona separated in the 
aual1s1a. 

3.11 Collection of Aet1y1ty 

l'or the collection of the actiT1t7, & tpeel&l 8- 2: 18-ineh filter 
paper ( Cbetnical Corp a T>'P• T ... .5) vaa used, The V-S fil tar paper va.a not 
to a ted previo'llsl,y tor fil teriDg O'!lt !1Seion s.ctid ties in the air but vu 
considered the 'belt paper immediatel;r available for the p:r.oject. It is 
understood tha.t the paper vas detigued. by the Chemic$1 Corps to be abi:Jl;Lt 
~~t et~•ct~Te in £11ter~ out p~ticle• 
--when. a pre•oure differential of one ineh of water e::d.ated aero•• 
~ P&J"'l' (.Ret. .5 ). Hovever • Wld.er the conditione of collection in Pro3ect 
l'itnrilliam, & much larger preulU'a di:f'f'erentlal tba:n one inch of vater ex
fated acroea the paper, and 1 t 11 .,..~ pro ba.ble that the e:tfeeti nnssa of 
the til tel" paper in a topping small particlee vas coneidarab'b' decreased.. 
Tb1s decrease in efficieney ~ have eoae bearing on the poe•ible fractiona
tion ot acti'rt t1ee and will be diacuua.ed more full¥ latel"• !he paper il com
posed of aebeatos And. cellulose fibers. and theae are aupported by a cotton 
mesh backing. The asbestos 1e ued. becauae 1 te fibers «re amo!lg the :tinest 
kDovn. A. complete chemical s..na.lya1a of the fiUer paper ID&de by the Chemical 
Corpe is giYen in SectiOA 6.2. 

~ data s.e to tM collection d.etatle and time of collection of all 
filter papere to be mentioned in this report are given in Section 6.91 en
titled ·r11ter Paper Code Data. 

The papers obtained b7 !'wa.js.lein-baaed. plane& or at the Kv&jalein 
gl'OUJld atation vere completely- sheathed in brown wrapping paper after collec
tion in order to prevent contamination of personnel and e~ipment• since many 
of the papers were highlf radioactive and tome of the rad1oact1Vi~ tended to 
come ott the paper.. Papere obtaiDBd at o.ther locations were lett uncovered. 
Atta-r e::~:po aure. each f11 tar p~er vas counted b;y vra:ppi:ag it around a senei ttve, 
••lf'-quenchi~ Oeiger-Milller tube (19 inches in lengtb, 2 inches in di8lll8ter, 
with thi~ glass walla. ~. 50 ragfcm.2. and 111anu!actured by the Radiation Counter 
Laboratory of Chicago, Ill .. ). The tube vas housed in a maasive lG&d cylinder 
(valls Z inches thick) to J"educe counts caused b7 adjacent tJamplea &lld radia
tion. '!'he eounte vere recorded by a acale-o:t-64 counter. Model LS-64, lllai1U
tacturad 'by the El-Tror:t.ies Co., Inc., of Philad-elphia, Pa.. 
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.I.CU'rlty vu collected !rolll the air by an alr 19.111pli~ device 
which \faa placed on the un.deuide of :a.-29 aircraft at tl'l8 poai t1on of the 
rear bel17 t\lrrel. 1'M eampU~ dnice held tvo papers, on ea.oh of 'llhidl 
vaa collected about th8 eame alll(lunt o! actiT1t;y. theae nm~a1•• 

Activity vu aJ.ag collected from tho air at se"Yeral '""'~"'ll'n 
atationa b7 uae of the .Air MateriAl Command electri 
unl t. vb1ch a.ecommod.&ted a. d»gle filter paper. 

anee filter 
paper o'b\aiDed uing crollD.It-loca.ted colleetinc unih 11 reported separately 
(Bel. 6). Rove'rer, for COlll,P&l"ilon purpoea• the analya1• raaulta obt&ined 
vith tbeae pape~• are also tabulated 1n thi• ~ort. 

paper vas cttt in 
and one of tba halvea vaa wbjeeted to a leacll.ing proceu to recoTer ac
t1T1 tr trOJII the paper in order to carey out the ana~ h. !be otbar hAlf 
vas sand for poulble alpha ~ail to be done at a later date at '!'racer

. lab in :Boato.n. The otber paper vas placed in reaerve UL case a recheck of 
the field a.na.lyaia val pc&a~ • 

It va.a ollaerTed by GCalll11lll: th& papers with a. G-M tube probe o~ 
an SU-J 1'racerlab La.'bora.to:cy Monitor that the depoaition o! actiVity 011 
the pa.por wa.a not unif'o:rm. and consequently. there vaa no aasu.ranee that 
the activl V vas exe.ctl7 halved vhen the paper vas halvetd. When tvo halves 
or a paper vere aeparate17 counted. 1 t vas found that the net connting 
ra.tos would occaaionall)- d!£!er ~ro111 oDD another by as mueh at 40 per cent. 

• - Backgrollnd il tbe c:ounting rate a bserved v1 th no aoll.l'U of e,eti vi ty 1n 
the counting position, Background 1a m1btracted from the total C:O\lll.ting 
rate \o obtain the net count1:o& rate • 
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In the 111111 ted time available, 1 t was not pra_ctical to train 
perloDI18l in more than tMe 8111all nt111ber of ana.\1'&Bih nor vas then sui"
flcient aotl~itT collected. on ~ ot the 
~or a large ~ber or fission activit1as. 

A ten ta ti vt1 
~n. radiochemical Method•;].iiiiililjiil 
--(Ref. l). During the COUl'lle of the teat.. the tentative -pro.cedure 
devaloped in Boston vas slightlY mod1£1ed as the need £or certaln cbaDgee 
became a.:pparent. A do~a.il&d nite-'\Ji.l or theee procedure cba.nges and ths 
reasons for making them ia given in Section 6.J. 

tt should be made clear that in these nrocedures the determina
tion of a per cent o.f' e.ctivltT of & parttcula.r radioelement is not quan
titative since tha technique of veighiDg the carrier ~roclpttate_ of a 
given element to detarn11ne percentage recovery was not employed. and also 
certain limitations are imposed bT the oount!ng tec~~iques (aee Sub-section 
6.4J). Hovever. qnant1tative procedures are not necessary to prove the 
presence of active fiasion elements, which was the nrillllU'"J' objective of 
the work. Eveey effort W3B .tna.de to obtain renrodueible nsulh by using 
care and consistency in following the ana.l¥t1cal methods and teelurl.ques. 

The filter :paper wae leached w:!. th hot, dilute (1 j!) hydrochloric 
or nitric acid in Teet x. bu.t the leach was eha.nged to .g. td.:li:ture ot hot 
conoantrated nitric aDd ~drochlor1c acids (1 volume ot aonce~trated nitric 
and two volumes of concentrated :hydrochloric} in Tut& Y and z. Five milli-
~·~ .................................... 11 
were added to the leach solution to promote consistent lee.chil'll;.. fba fil-
ter paper, which wa.a thorough].,- diain~ted 'by tb& leaching treatment, 
wa.a filtered oft and tt'anaterrac1 to a cra.cible where it va.a aahed over a 
Meakar burner. The ash was transte~red to a glass crystalli%ing diah and 
counted to determine the amount of unleached a.ctlrlt;r. 
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'fhe filtered leach solution vas eva:oorated to a k:nOWil conven
ient volume (genaral.ly ~.5 ml.) and the gross beta. activ1t1 determined-
taking a known portion {generally 1 o;r- 2 ml. out o£ the 25). eTa.pora.t1ng 
to dryneas 1n a glass Cr"J'Btallhing diSh. and counting. 

The individual fUSion products we'l'e purified :f'ro111 contamlne.
ting ~.ctivi ties and isolated in the i'ollowiDg manner. In 1'ests Y and z. 

of' were' one fok" 

ion procedures, the 
are given in Sub.section 6.32. vore triad in Teat x. but tb~ three-fraction 
procedure is deemed the bast and !oms the basiS for tbe fo-llowing di&a..J.s-. 
9!0nc The fractions vere not nncetaarl.ly equal in si:r:o. since they vere 
Chosen to 7ield an adequate activity of tho radioelement being analy2ed 
tor. whenever poaeible. 

Durtng feat 2 at KvaJalein~ a rAdiochemical ana.lysia of of 
the core active filter !Japers was made A .,AT_..,..., . 
................ t wan taken of the lea.ch 

All precipita.taa were filtered on 1-ineh Wha.t:man 142 filter paper. 
~he precipitate wac either air-dried or dried with ether, and t~~ precipitate 
together vi th the filter paper wa.s mounted, fo.r countiJJ€ on braue plenchets 
during Test X and on simple rectangular cards of 1/l~ineli cardboard during 
Testa Y and z. The precip1 tatea were un~vered in Test X, but in Tests Y and 
Z were cover~d with cellophane, J.4 mgjcm~. to avoid precipitate loss. San
~le& were eount.ed uaing the following Tt-acflrlab equipt1ent ~ the TGC-2 thin 
mica tr!.ndow Geiger tube housed in the SC-9A Shielded Manual Santple Changer 
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AliALYTICAL PBOCBIJ'.Jn 

a .wa: . One-.balf f1l tar paper 
W Leach filter paper for 2tl 

posed of ;o 

• 

S ~g each of 
ad~uat volume of leach to 25 ml 
groaa leach actiT1t1• lM.'I'1dt the 

• 

• 

'r.IST Z 

point with mb:ture com

remainder into three fra~tiona • 

n.ing 
J'ilter• 

llu .. ,~Hwt for 



with Praampl1f1er which Wt\S connected to either an 5C-lA Autoscaler or an 
SC-2 "64u Scaler. In· sol3& cases in the taking of absorption aJtd de"'" data, 
the SC-6 Aut~tic Sample Changer was used. The total ccunting rete of a 
sar.ple was r.orrected :for ba.clq;r01.1J1d lUld coincidenCIJI loss but Val! not cor
rected !or self-ab$orption. absorption ~- the cellophane. self-scattering • 
or bac~cattering.• Consistency vae observed in the countiD& techniques so 
that t:t.e JllaDlitwle o! t.he soatterint:; end. absol'llt19n corrections would relllai:l 
constant. Tht details of the mountiD€ e.nd. eounting teChniques are given in 
Seetion 6.4. 

:3.1:3 Abaorntion &nd Decav Dg.ta 

In order to $tudy t~ cheracteristios o£ radiation from e&paratad 
and unaeparated fission activities and to verify the· radiqchemieel pttr1~ 
of the fractions separated, absorption and decay data were obt&ined. b 
absorption data were taken and analyzed in accordance with the ~thod devel
oped b;y :reatber {lief. 2 ). 
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:3.21 .4pely1;ico1 lloaultt 

A A breakdown ot aamples 
by labQl"atort and test h presented in !'able 1. · The resul ta ot al.f ra.dio
chemical 8.1:lalyses performed prior to Jane 1, 191£. is given 1n Section 6.5. 
~ clata include gro"'lnd. ata.tione and air-til ter :papers. The tabulation is 
o0111plete for arti!ioial a.ct11(it1ea, and no elimination of doubtful valuea 
has been made • 
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3.213 Revroducibilitz of J!adiochemical Analyses 

At Kwajalein during Test Z, multiplic:a.te a.JUiyses were made of 
aliquot$ of several leach solutions to find out the reproducibility and 
precision of the analJrsis for a. ginn fract.ion. Tables 2,. :3, 4, and S &Wll

oarize tneae ~rsea. 

2,~~ ;1.5' Hw~~i, gta ;v;H 

5tjkr<J /;z. .fhrvb1~ )'J 4~ 
) ;;ble5. ;z ..f~ vv~h ~ £;~~ 
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Jilter ~ ~. 

l'-0040 

F-0037 

:f-00)6 

!'-OOJ4 

F-OOJ.5 

TULE 6 

lU.'l'tJRAL ACTIVITY PAPERS 

:wm~ b1CHJ.t hAction 
Hiclw! 4,6 s 7 8 I 

148 p A. 

lj88 A 

542 A 

512 A 

?51 T p A A 

P = f3 activity :present 

A = f3 activity absent 

f = Trace of' beta activity (10 c/m) 
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3.221 Introdgptiou 

:Beta.-radiation absorption measurements of' the sepa.l'sted t'ractione 
vert~ ll!ade to prov1:1 that the desired radioelement hAd been iaolAted and to 
eetabliah whether or not i~ritiee were present. lt was also of interest 
to determine vhieh isotopes of a given radioelement ve~ present, and in 
what ratio these iaoto~ea were ~resent. 

!he general method of determining the energies of the bettJL radia
tions ~rom tJL sampl~ is to determine quantitatively tha extent to vhieh these 
radiations are able to penetrate matter. !he measurements were made by 
interposing between the aa:nple and. the G-M tabe rindov aluminwn absorber& 
of increasing thieknesa and taking a count- after ea.oh nov interpo~i tio.n of 
the absorber. .A se~~i-logarlthmic :plot of net counts per minute veraus ab
sorber thiehesa wa~.J then eonet:tucted, and analylled 'tv the m&thod developed 
117 J'ea.ther (Ref. 2) to determine the ma.rllllllJil rB.D&ea of the beta radiations 
present. ll'.he Jeather method is based on the assumption that th.e absorption 
curves of simple beta emitters (or of the individual components of complex 
emitters) are of abou.t the s!UlB shape vhen the logarithm of counting rate is 
plotted agab.at fraction of range. !o earrr" out the analysis, all analyzer 
1s prepared. usi~ a standard beta emitter of kno'lolll r.Emge. 'l'his le placed 
o.n th& ~ogar1 thlll1c scale, and the marlcs o.n the anal~er gi:ve the logari tb..m 
~f tb.e counting re.te, which corresponds to the thickness of aluminum ab
sorber equi"Yalent to 0 1 o.l, 0.2, 0.3, 0.4, etc., of the total range (tenth
ranges) ot' e.n::r ghen beta ps.:rtiele. ~.was used as the standard beta emitter 
in :pr~aring Feather analyzers for this work. 

If several radiations are present 1 a eo111plex abson>tion curve 
is obtained. which may be considered the sum of the curves which are. the 
absocytion curves of the sep!ll'11.te r:.o.diations. In practice, a complex carve 
may be broken down into Us separate components, provided the beta component~ 
are BU!ficiently differ~nt in energy (a.t least b.1 a faetor of 2), and :pro
vided that no more than two or three components are :present. Th.e process 
of breald»g dow an absorption curve is fire t to sU.btract the gamma bACk
ground, if ElDJ"• and then eu.'btraet the beta components, one. b7 one, starting 
with the most energetic and working toward the weakest COJ!POnent. !the re:
ault is to obtain a set o.f eompanent absorption eurvea which when added 
togl'ther duplicate the original complex. 

The oou.ntin~ rates shown by the several curves at zero a.baorbel" 
are a.ppro:xillla.tely proportional to the aetivi ty of the COIII.Ponents and ,from / 
these counting rates, the proportions of the co~onent isotopes in a sample 
can be evaluated. The ran~e of "ach beta component h determined l:cY' the 
usua.l 1'ea.ther analfzer teohnique. 

After a determination of the range, the energy of each beta. 
radiation component can be determined from a range-energy plot (see ~ig. 21). 

• 

• 

• 
0 



Representative absorption curves for sach ot the a~r~ted fractions and 
for each of the mixed-activity fractions are presented. Jeather ranges 
were determ1Md at on&ootenth val\leB of the range of each beta. component 
and are ghen on the absorption g~a.pha. The eneretes of the coi!Jilonent 
radiations were then determined and compared with the literature values of 
the energies of the Yar1ous hotopes of the isolated radioelement {Ref. :)). 

3.22:2 M'ixed.-,Activitx l'ta.ctipna 

Ab mixed-activity fractiona 
(sah, leach aliquo were made to record the 
radiation cbara.cte ons. !he beta--absorption 
curves for the tractiona {Jigs. 22, 23, and 24) are very similar In shape. 
end each shows a gaml!le. baokground of appro:d111ately 0.4 per cent of the 
total beta radiation. Although known to h composed of a DUlllbe:r o! f1se1ou.
produot isotopes. each absorption curve yielded to an absorption analfsia 
and exhibits two predomlnnn.t bet.n co!9p0nents of 1.); to 1.7 Mev and ca.. 
0.4 Mev in energy. 

The fact that psuedo-beta components were obtained from a mi~ 
ture of activities is evidence that !ln. absorption analysis elone doea not 
provide"eonclusive identification of the presence of a pArticular isotope. 
BOweTer, the ~den~ification of a given isotope o~ an e1ement beoomeu more 
conclusive if the cbemhtr,r for a Bparating the element is known to yield 
the eleJD.ent in a bigb. degree of purltf, and oecollles practically podtive 1f 
b()th the hslf-Ufe and the energy of the beta radiation as obtained from 
deeey and absorption Bnllly~es for the isotope of the separated element agree 
with the :reported Yalues fo·r this isotope. Since the ttlethoda used in the 
field were not designed for high decont·am1nat1on of an iaolated elelllent. 
the absorption analyses. of the isolated radioele~nts provide evidence 
that BUIJ'Peeted isotopes of the isolated radioeleme.nh are present. but thid 
evidence muRt be supported b.1 n decay anal7sis before identification of 
an isotope is certain. In interpreting the results ot absorption measur&
mante of an isolated radioelement, an experimentally determined energy 
vnlue for a com,ponant of the beta radiation which 1s within 2(] per cent o! 
the beta energy reported in the l1 terat\lre is considered a reasonable· 
identification. 
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If 1n the event of other atom-bo•b tests, it should prove deairable 
to conduct radiochecical analysis operation~ in the field, the following reoom
~aeudations are made: 
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6a 0 Af;pE.NDIX 

6.1 Extract from Contract W~Q99 ae-405 

Item I: Beseardh and Services Required to AnaLvze Ra41oaet1ve Isotope 
S81!1i)les in the Field 

• 

•• 
8 
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.QL_Qhemical Anal.Y!l! of TlJle V-5 Filt&..r.. ?&Qsr 

Following is the chemical a.nal:rsia of the '1')-pe V-.S :f'llter paper"'t 

-------·-
* - Private Comi!lWlicatbn, letter froa Ool~!~el Jt. \f. Ehrgott, USAF Executive 
AntS'd-1• SpaciLI.l. •ieaj)DD.B Gro~, tQ Dr. F, O. Henriques, Jr •. 1 Tra.oerlab, Ine •• 
!o!lton 
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6.1 Peta.iled. l.nq)ytieal !Xoceduru 

6.:n Introduction 

!be anal:'tical pro~d.ures as used in the v&riO\l..l teste are pr.
aented 1n detail tn tbia aect1c:tl.. fhe di!ticultt•• encountered Yith a 
procedure and tbe reaulta of deTiation.s ll8de frora tho procedurea are dU
cuaaed after the presentatiou of the procedure&. 

6.:32 Prpcecb1rt I!tnloped, in J!oatgn 

!be tentative analytical proceduro abovn in block form a 1'al:tle 17 
Y&a developed ln :&do11 the ve•k that vas aTailal:tle there for deTialng 
an~ 

Berore Test :t U va.a re&lil!led that the above procedure had B!'veral 
taulta. !he modified procedure vhich val ueed 1& given in ~abl• 18 • 

~~e..-5 lt:>.:L Hu-~7~ t 13 u;,..J.i 
~ 

'//Jble-!> ) 7 q~ I~ deJd~ci 

-101-
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6.4 Details o! Hountipg and C!oWltiAA 1'echn1guep 

6.41 GeperAl 

During the testa. enliated ~litar,r personnel were trained in tba 
opetration of the countera and in !l'uts Y and Z handled all or part of the 
deca;y and absorption 11\aaaurements a.t the several field stations.. Tbe;r 11ere 
also trained 1n slide rule operation !or calcule.tin.g counting rates and 
11ere instructed 1n making the neceaaary bacJro;'ound and coincldenoe correc
tions of the counting ratio. A fev helped plot dacq and absorption CW"ft&. 

6.42 Jfethqda ot M9Wil!£. an4 Conntiv 

.Ill preo1p1 tatea were depoe! teet and dried on l-inch clrolea ot 
Wb&tmali 142 filter paper (see l'ig. 44 :tor description of filtration appara
tus). In ~eat X ths filter papers with the precip:Ltatea were mounted ou 
Tracer lab E-7 bre.aa planclleta aud aeC\U'ed in place b7 olose .. fi tUn& braaa 
sleeves which faetened dotm the protruding tUter-pa:per ed.gea. !he· pl.fiJJ.ohet 
vi th f'il tar paper and de&Te is illustrated in !'ig. 45. Eecauae the precipi
tatu. vere :tl.alq in nature and vere not covered, ocC&JJional lose of aome 
procipi tate from the planchet occurred, !!!hie lou of precipitate could not 
be tolerated Q9oauee o£ tbe serious errors introduced iD deoat meaauremente. 

Eecauae o£ thU drawback in the use of pl.aaaheta• tbe preoip1ta.tea 
o~ta1ned. during !eate Y and Z were mount.ed on flat pieces of 1/16 inch car4...: 
board s.nd vere coTared with cellophane. !!!he card used at Guam and XwaJalein. 
vu 1 15/16 inches ;,: 4 1/2 inches and wa.a placed on top of the sample slide 
for iaaertion into the sample changer. The card used at HiCkam vas 2 2/32 
inches iD width and approxillatel,) 5 inches in le~~gth. !!o use thie cgd, it 
is n&cesaa17 to remoTe the metal sample :111:10... and to £1 t the card into the 
sample-slide grooves for in&ertioD into the oha.nger. ~ latter-\1pe card is 
the more aat1s£actory on.e because 1 t is held more rigidl;r in place in tbe 
counter. .Another advantage of the cards ia that. beint; flat, the7 are very 
easilY tiled. Sketches ot the cards are given in 11'it;. 46. 

'l'he samplee were glued in pla.ee ott the cards and then covered vi th -
cellophane. ).4 mgfem2 in weight~ which vas fastened to the card with glue or 
acotch tape. It is proba.bl;r not naceua.ey to glue the papers in place 1:t the 
eellophana is stretched tightl7 enou.gh to prevent movemant of ths paper. In 
faet. it ha.s been discovered advants;geou.s not to glue the papers in place be
cause then they Call be eas117 removed sboul.d the need to do so arise, 

The laach-aolution aliquot& were evaporated to dr,ynesa 1D glass 
Cl'T•tallilling diabsa, 1 inch in diameter a.nd. 5/16 inch in beight. &lid were 
oounted direetl;r in the dish. The :f'il ter-!Japer ash wae also transferred to 
& glass cr,ystallizing dish for counti~. 
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Iota: 

• 

l7rex ~leu tube 

Glaaa projecUona for 
attachln~; aprintt _ __,_ 

lr1tted Glasa 
D111c 

t1eld exparienc& indicated 
that. nbber banda were more 
aat1afactory than springe tor 
holdiDg the two pieces Ugh.tlJ" 
together. Spri~ do not bold 
the pleee3 tightly enough to
gether to preYent aome o! the 
precipitate from spreading 
out between the bearin~ eur
faesa. 

rtg. 44 

-115-

Groud glau bearint: 
~SUrfacea around adgea 

11ltar paper ia placed 
here 

It uaed ~1th n liaher 
JUt!'ation a.ppal't'.tus ln
atead of a auction flaak. 
th1s tube should be 
lengthened eo the. t it 
fita well into the re
ceiving voaoel. Othar
viee considerable fil
trate 1e lost due to 
filtrate epatteriQg. 



71lter pa.l)er 
with ppt. 

Jl(), 45 

'""T ASSEM~LT PLA!Wi.U< 

1._~ 
~~ !![_______ __ 
T 
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6.5 Tabu1atiQA of Ana1Ytlca1 Resu1ts 

Tabulated below are th$ results o! all filter-paper analyses completed 
prior to Jillle 1, 1948. 'l'he date. are segrege.ted by test and station. The tabula
tion is co~:~plete, and no elimination o£ doubtful. values has been !11ad.e. • 

• 

!:J<-< 123 1-J,,..,."f)., l/.9 ,;,~ • 

JIJbl~ J? -ft~z, 31) fin) 

F.?~-s1'8 -H~~~ Jj ~ 
J-el.,_ f-eJ by ll- ;r Fon::'tf' . 
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6.9 Sampla Code Pa\& 

6.91 filter Popert 

In th& fol1ovi~ ta'ble data are preaented tor each o£ the filter 
paper11 ment1o11.11d in tbia rvpart. The filter pap&re are arr~ :m.u~U~ricall::,r 
in slph.betieal order using the one- or twa-letter atatlon code as enumerated 
on page lJB of th111 raport. i'or eaOh niter the tollowiQG iD:tormaU.on i.e 
preser,ted ~ the teat 1t'111ch cauaed the activity on t.he filter paper. t.be tfl!ls 9-t 
tbe be,;in.ni!J€ of the! a:cpo81ll"G of the paper, the alUtude at which the acUTit;y 
WB& picked up, the geographical posi t1on at tbe beglnn1DG and at the end of 
tba u;poau:re, e.nd the net coun.t.a per minute as first measured. 11t. H.. 11 in the 
Net C/)1 column 1ndicatoa that tbe filter paper vas too radioactive to be co~tad. 

T?ty~ J 71 ~~=<1 1. I & I 

tv,-J-j, f'<emt:-;nk>v- P~ 

-r;;bJ" 31 d<€/..,_~J by 
A-}·,- ~v-c •(I , 

e 

• 

• 



The detailed eollBcUon data for all gaseous tank &Z~J~PlU are prs
nnted below 1:~ '!'able )2. These aanple• vera collected at ve.tioua loca.tiona 
Dftr the Paclfi c. In the case of the 88Ji1Ple" IIWllbered. 11514-- • • onl.Y a"Yera&e 
va.l:ues for the altl tude• loeatlDn. and tii!IU-o:t'-l!ampl:lng peri ad 'Were reoeived. 
Bovaver t with the o there more specific d.e.te. vera anUa.ble. 

S81!1Jllee nwo.bered 306....,\l, )08-.\2, etc., indiee.t• flights ori&lltatlng 
!rClll lp.irtl.eld-S\Iisun. 'lfhile those .lllllll'bet:ed ,)08-1, ,)08-2, etc. • 1Jidica.t• flights 
or1g1no.ting from :Barber Point. Kawaiis.n Ialande. 
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6.9J Air lteductipn Sampl;a 

!the detailed collection 4a.ta on all a11111ple1 l'eeelTSd f!'OII the •tr 
hd'O.l:tiou Oompa:q, bel:Tfille, Cali:i'oruia, are presented 'below 1D ~lt )). 

U8loJ 33 

AU BSDO'O'lXOX 8JHliLJ OOJ!Illl'A 

hiiDlA Jg_. ~ lloll4 12aU. frgCfBUd DlllWi IWIDk !.!l.lJ.lu. 
( Cu, J't. ) {CC) 

At 22.0 ~ IUI4 J. l..\l:L. 

1 o4o51fOZ to Oln6)0Z ~ ),)00 3 

z OSZlOOZ \Q 0514JOZ Mar 5,300 2J 

:3 05l84SZ to 061700Z Mq 6,800 J6 

4• o6zo.s.sz to Q?l6JOZ May 6,000 150 

4A Sattlple tube e~~~pt:r \JiiOU .recel Yal 

s· O?ZOOOZ to 0818)0Z Ma,y 6,900 105 

6 llot received 

?" 0921302: to 1016JOZ Mq 5,800 1)0 

a• lOZOljZ to lll6)0Z May 6,ZOO 105 

9 llZO),SZ to 1Zl6),SZ May 6,100 1)0 

10" 122040Z to 1)1620Z ~ 6,000 116 

11" lJ2015Z to 14161.5Z MaT 6,100 145 

12• 142010Z to 15161oz v~ 6.5.50 140 

1)"' 151945Z to 16154SZ May 6,900 1JS 

14• 161925Z to l?l625Z May 7.)00 .35 

" - Samples procenod in :9oaton 

e 
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-• 
!ABL! )3 {Co~t.) 

AIR BJIW<l1JON SA.lQ'L1!l COil! ll4U 

Ylml.L h· I.1u.. AAl1 Pa..H. Proepuod ~ ~hluu. 
(Cu. 7t. (CC} 

at.. zz.o Q w l. Mm,. 

15• 1 ?2000Z. to 181600Z Mar 6,150 26 

16• 181940Z to 191,540Z ~lay 6,100 JO 

17• l920ZOZ to 20l620Z Hay 6,200 JO 

lS• 202o4oZ to 21164oZ Ma¥ 6,000 J6 

19• 2120JOZ to 2216JOZ Ma3 6.200 J2 

20• 2Z20JOZ to 2J16oOZ May 6,02) 16.5 

21• 231955Z to 2415552 MaT 6,200 96.9 

~ 
22• 2420l+.,SZ to 251645Z ~ 6,100 100 

2.3* 2S2010Z to 2616toZ May 6,200 100 

24• 262010Z to 271610Z Mn¥ 6,150 124 

25• 272010Z to 2816IOZ ~ 6,150 125 

26• 282030Z to 2916JOZ ~ 6,000 127 

27"' 2920l5Z to 301615Z ~ 6,100 135 

28• Oll800Z to 021600Z Jun. 6,1.j._so 1)6.2 

29* 0220lOZ to 03l6lOZ Juno 6.150 lY• 

JO• OJ2010Z to 041610Z June 6,100 72.8 

31• 0420o4Z to OSlb04Z June 6,000 ?2,8 

)2* 051930Z to o61600Z June 6.155 32 

• - Samplee proceaaed in Boa~on 

• 
• 
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3) 

:34• 

J.S• 

jb-

37 

J8" 

39• 

4o• 

41* 

!rABLE 33 (Cont. ) 

A;tR BEDUC'l'!Oll SAMPD CQim Il6;U 

. 

Practnoi !sl.lJmt, 
(cu. Jt. ) 

Brokiaa ill tnnat t 

0720lSZ to 081S15Z Juna 5,800 

o82110Z to 091510Z June ,5.450 

0919JOZ to lOlS30Z Juns 6,100 

B~okeD in t~ane1t 

ll2020Z to 12l5ZOZ June s.aoo 
1219JOZ to l3l6JO~ June &.soo 

l)l9JOZ to l41,SJOZ. Ju.'\.8 6.100 

142020Z to l5l520Z June .],800 

" - Sll.lll];lle• proceae111d 1D l!oatoa 
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76.4 

lo8.7 

6?.6 

6.8 

120.4 
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6.94 J.c!lWII11lo.tor Semglu 

Si% QU~ploe vere rece1~e4 troa Weat Coa.st 1Dcat1ona collacted in 
•~CUJIIU4tors 1 CQD.&trw:ted 111 Cleveland '!lir-e lio.rka, l!!nclid. Ohio, !l'be det&lled 
eollectlM da:ta ~or theee are pr-eaente4. in ~a.bu )4 • 
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z. o PERSOML o:r J'IELD. WQBA.!OORIES 

ln the :f'ollovi~~g a lUting is given by field laboratory of 1'1-acerlab 
and Air lorce persoiUlel v.ho directly contributed to the tecbnical work done 
in connection with Contract W28-099 a.o=40j, liold Phase. under dlrection ot 
Dr .. Y. C. Renrlqu.ea. Jr~, Tracerlab Technical Director. 

Traperlab Personnel 

Dr. W. c. Peacock, Technical Direction of J'ield Operations 
Mr. J .. v. Jonet. In charge of laboraton 
Mr. J. v. Gr.rdor. chemist 
Mr. o. r. Nosa, Jr., chemist 
Kiss J. G .. Whitney, etatlstician 
Miss T, J. Colson. aecretar,y 

Jir Force Personn§l 

Capt. G. E. D&~1 
Lt. W. E. Petigo 

. S/Sgt. E. A~ Anderson 
Sgt. Pilao,n 
Sgt. :aaker 
Sgt, G. .A.d.ama 
Sgt. JobAaon 
Sgt. Trapp 

lDfM.WJI!f LABQRATORY 

Traperlab Personnel 

Dr. L. R. Z'O,;UWalt, Field S1JPervisor and in charge of laboratory 
Mr. L. Burris. Jr., cllellli&t 
Mr. R. A. ]rightaen, chemist 
.Kr. Y. Sakakura, chemist 
•~. D. F. Cocstook. technician 
Mr. A. 'l'ho:mas. electronic engineer 
Mrs. M. J • .Ba:'k&r, secretar;r 

-19~ 

e 

• 

• 

• 



-
(1 

(2) !'eather, li., PllOC. CAMBHIOOI PHIL. soc. J!t, 599 (19)8); eee also 
Glend.enin, L. E •• HtYCLEOJttCS 12 (1948) 

(4) Wa,y, I. and W!gne:r, ll. P., PHYS. REV • .2J., 1)18 (1948} 

(S} Spence, R. W., Primte Communie&tion 

(6) REPORT UI, .A.na.l;yaia Phase 1 Conipract V28o-099 ac-407 (Pha.ee II CC-S.S) 

(7) Peacock, W. C. 1 PBYS. BEV. 2&, 1<>49 (1947) 

(8) 

(9) Gl"WWlll1it, V. E. and Wilkinson, G.~ RA'l'tm'lll ill, 520 (1948) 

(10) 

(11) Spence, B. w •• frivote Cgmwgntcat12D 

{ 12) BllPOBT II, Contract W28-1)99 ac-40.5 

{13) Cady and Cady, AHAL. ED., IND. AND ENG. CHIM. J.Z, -,60-6 (194.5) 
Ibid 12. 919 (1947) 
Damkohler • G. Z. , .EU:CTROCB!M. .!U., 74-80 093.5) 
Moreau and Lepape, OOM.PT, BEBD. JJth 171-.5 {1926) 

( 14) Kline, S • .Allan, Notebook 259:8 Ma.nha.ttap, Project, Loe AlM~oa Laboratory 

(15) Balcar, Y. R. (Dr.), Beaearch Laboratory, Air !eduction CoiiiP&IlY• 
frivate Comwunicottop 

-196-

-• 

• 

• 



.--.... 
\ 



'-(?;;, 

This document consists of 66 'pages. Copy No ... 1~ ...... of 5U copic.s. 

REPORT II OCTOUEJ{, l94H 

i 
f1 ... if
i< t ... 

1\EPOJ{'J' 0:\ 

ANALYSIS OF LOi\G llt\LF-LIFE UJ:--;STJT[ T~TS OF ACTI\'JTII:S 

COLLECTED 0:\ Fl I.TEH~ 

Dcp;HWlt.:rlt llf thl· Air !'urn.: Lontr;IU 

.No. \\'lX·O'.>'J ;1~· .. 1()<; ''ith TI{,\U~HL:\B, 1:\:L .. 
'i'i OJi,cr S1., !lmwn. ~1.1\,., fpr Hot.lr,lt 

and :\nal~ ~~~of H;ulirudi'C S.unplo 

TAB 8 , VOLUME 

. FINAL REPORT FITZWILLIAM 

Heodquorters Uniled States Atr Force 
Deputy Chief of Staff , Operotion.s 

Assistant for Atomic Energy 

1.. It Zumw;dl 



• 

• 

REPORT II OCTOBER, 1948 

REPORT ON 

ANALYSIS OF LONG HALF-LIFE CONSTITUENTS OF ACTIVITIES 

COLLECTED ON FILTERS 

Deparrmem of the Air Force Contract 
No. W28-099 ac·405 with TRACERLAB, INC., 

55 Oliver St., Boston, Mass., for Research 
and Analysis of Radioactive Samples 

F. C. Henriques, Jr. 

Conrraccor's Representative 

L. R. Zumwalt 

In Charge of Preparation of Report 

W. C. Peacock, J. W. Jones, J. W. Gryder and W. Karp 

Assisting in Preparation of Report 

1 'Miw 



-
r 

• 
' 

• 

4,0 

s.o 

6.0 
?.0 

8.0 

9.0 

~eoretical Decar Curve ••••••••••••••••••••••••••••• 

9;.121 
9.122 
9.12) 
9.124 
9.125 
9.126 
9.127 

•.•.•....•.•.•.......•.•....•..• , .. 
·••····•••••···•••·······••·•·····• 
·······················~······••4• 

···~~····-~······················· 

··••·······•••····••••··•··••····• 
············•····••·····•·······• 
······••···•·•·•·····••••·•··••·· 

9.128 .................................... . 

~~oretical Ratios ••••••.•••••••••••••••••••••.•• ~ •• 

Theoretical Yield CUrve •• , •••••••••••••••••••••••••• 

EstimAtion~ ~Activitz •••••••••••••.•••••••••••••••• 

Jample 2f ~ Oalcula.tion ~ Aggregate nu, ..... •. •. • · • . • 

Pa&e 

33 
JJ 
34 
)1 
J7 
38 
40 

43 

44 
47 
47 
47 
41 
47 
148 
1.!9 
49 
50 
Sl 
51 
52 
52 
52 
63 
64 

lli~<:Es • .................................. .-., •••. ~ ....... .-...
......... • • • • • 66 



!1€;,. 1!o.-

1. 
2. 
j. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 
lJ • 

. 14. 
1.5. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

LIST OF .JIGUIIES 

• 



-•• 

• 

• 

1. 
2. 
3· 
4. 
s. 
6. 
7· 

a • 

LIST Oll' TJ.m.ES 

Analytical Procedure - Tnt Z 
Samples Collected Eefare June 1, 1948. and Analyzed &t Blckam 
Samples Collected Before June 1. 1948. and Analyzed at Boston 
Samples Collected After June l, 1948, and AnalYzed at Hickam 
ga.uro.Leta Collected A.:Cter June 1, 1948. and Analyzed a.t Boston 



• 

• 

After the completion of the field phase of Project l'i t:william, part 
of Operation Sandstone. a.nal;ra1a of filter papers from ground blower and air
borne collectors for fission-product activities was continued at tracerlab 
laboratories at Hickam Field, T. R., and ]Ostan. Massachusetts. This report 
covera vork carried out during the period June 1, 1948, to September 1 , 19A8. 
(~ field phase ia covered in Report I of this contract.) 

. DeCSJI' otudlea of separated fractions obtained in the course of radio-
chemical analysis in the field we~e continued to obtain additional information 
about the radiochemical purit7 of these separated fission products. A discus
cion ot these results and the impurities found ta included • 

A study was made of air-borne filter papers collected in flights 
out of Guam a!ter June 1, 1948. It was found that these activities orl&inated 
in the SandstonQ tests and had remained on the surfaces of the aircraft used 
for these flights • 

-1-
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2. 0 IliTROlXTO'l'IOIJ 

In accordance v:l,th Item 2 of Contract W2B-099 ac-405, a.tt&r the 

termination o~ the radiochemical analysis work carried out dnr1Dg the Sand
stone IJ:Ieat, aa a. part of Project n tmllism, a.nalyais was made o~ lODg haJ.:f' .. 

lite constituents of aet!vit!ea collected on filters. Item 2 reads al 

follon: 

•At tha termina.Uon of the field problem, or co:nctll'rent]¥ if' feasible, 

those samples vh1ch e:z:hibit outatand1ng aat1V1 v 111 the field &nal7s1t will be 

roturned to the !racerlab laboratories in Boat~n tor a more detailed radio
chemical anal.3'aia. In thla anaqsil M attempt will be made to 1aola.te am\. 

id:enti£7 aa ~ iaotopea aa poaaible b1 ordinarr radiochemical means. If 

quantitative reaulta on a percentage basis ean be obtained without ui\dus dit

ficu.lt;r, 1t 11 deairable b\lt not necessarily a m.a.ndator.r rectuirement of the 

contract.• 

This report covera the work done under Item 2 of the contract and 

:rep:l'eunts VO:l'k done OYer the period J'llll.e 1. 1948, to Sentem'ber 1 • 1948. 

As the project davelaoed, 1 t became eVident that 1 t would be desir

able to condnet vork on the ~ala ot lo~ half-lived constituanta in tvo 

locationa instead of a single location. AccordinglY. some of the workva8 
earried on at the field. laborator;; at Kickam Field, IJ!. X., vhioh va.a continued 

in operation a:tter termination of the field phase o~ the work. b remainder 
of the vork wae carried. out a.t tho Tra.cerlab laboratories in Boston. One rea
son for contiuniug the operation of the Hickam Yield laboratory vas the neces

sity of having a laborato~ where anal7ees could be made of activities collected 

in the Pe..cific Ocean area after June 1, 1948 (the date of termination o£ the 

field work in connection with Project Fitzvilliam)·under the interim net opera

tion. 

The deciaion that a continued surveillance of air-borne activities 

va• deairable made 1 t neceesar7 to extend the ana11s1s work done e.fter the 

c~letio:n of tbe field phase. On the other hand. extendve d.etailed. anaJ.ysia 

of filter papers collected in the f'ield was not necessary as originally contem

plated since anal:reee of constituents on a percent~ basillvere obtained in 

the £ield. All active filters collected after June first were analy~ed. to
&ether With a DUI!lber of :filters collected prior to this date. 

Decat studies of separated fractions obtained in the course of radio
chemical ~is in the field were continued for the purpose of obtaining 

additional information about the radiochemical purity ot these separated frac

tions. .Also. the deC83" mee.suremGnta of the unsepa.rated activity on filter 

papers collected during field operations were ob~ined. 
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3. 2 O.On'Illl1gl01 OF WI.YSIS Ol IIL& :PJmS 

3..1 Methode epd LJmit&tiona 

).11 Jission-Pro¢uct 4na1ls1s 

In car171~ out the a.nalyda o£ filter papers ai"ter June 1. 1948~ 

whether collected prior to the end of field operations or subsequent to thia 

dat.. the analysis procedure as developed for Teat Z was u.eecl. The develop

ant of this procedure~ the details of the analysis, and methods ot mountln,; 

a.D4 COW1tlng aamplea are giVeJl in tull in Report I o:£ this contract. 

i'he tabular outline for the Test Z chemical procedure is given as 

toltav. (~ble ~ ). lt is to be 
procedure vat modified alight~ 

fhe ehie:t' limitations of the analytical procedure are as follows: 

a. The an&Lrses as 
tite.tive since the te 

e. Limitations are also imposed on the quantitativeness of 

these determinations by the counHne: teehnimJ.es whie..~ were used. and this 

is discu.ssed in full in Report I of- Contract W28-099 a.c-405. 
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1.0 O§DAC'J: 

:~.c.a.'IOllL 8Ct1T1 V8l'8 a88Q" to 

radioob&m1cal aaatyaia laboratories operated in the tield b,r traearlab, Inc. 

fbe pr1D.Cipal laboratory tor a.aaJ7aie of ground filters waa located a\ lliekam 

J'leld, !. ll. !he locatlona of the other tvo laltoratoriea vere Xv~alein, 

M. I., and lorthf'leld, Quaa • 

-~ 
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2.0 lNTROJUCTlOR 

'lhh report is coneerned vUb. Itea III of Contract No. \1128-099 

ac-1~7 enti-tled "AnlllydG Prul.ee. " The rejlOrtS on the training pha1;e M.d 

monitoring field phase ban 'been su'bllltted in tilEt form of :Beport I and 

Baport II of thia contract. Item III of this contract is quoted below: 

-rhe contr~etor will prepare fitt,y (SO) copiea of a 

flual report coverlng the anAlysia of long balf-llfe radioac

tive conati~enta or filter papers tnkan at monitoring 

sites which are consliered to be auff1n1entl1 aetlva to 
warrant further ·analysis and investigation. !he analyab 

of these filter papera will be carried on in manner simi-
lar to that described in Item II of Contract W28-099 

ac-41:>:]. linal phaset repo:rt to be ren1ered thirt;r (JO) 

days after analysis has been completAd.• 

The resu1ts of chemical analysis of ground filter papers ia 
given below, but much or the detailed discussion of the chemical procedures 

used. their reproducibility and signif1canca is covered in Report I and 

Report II ot Contract No. V2B-099 ae-405. 

F1lter papers have been analyzed from all atations tb.at sent ln. 

papers llleasuring more than twice background on arrival. Among the papers 

thna aelected the moat active pApers ~ere annl1zed in order to get maximum 

accuracy in the racUoehemcal analysis. 

A. study hna been made of the decay ot natural activity collected 

on ground filtere. Results of this study Rre given in tl\1s report. 

-2-
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).0 llADIOCB!iMICAL ANALYSIS PROCEDURJ:S 

A 41acuas1oa of the method of colleot1Dg activities and the develop
m6nt of procedures fo~ the analysis of fission activity collected on filters vas 
4lscuaae4 in grea\ de\a11 ia Report I of Contract W28-099 ae-405. .A lesa 4•
tall!d dlacusalon of the procedures will be given in th1a repOrt. 

3.2 Procedure m lui Z 

:hJ Procedttre ill Teat l 

On the basis ot a ~eting held at XwaJ~le1n, prior to Test Y, an 
impl'Oved pl'Ocedure va.a adopted for the radiochemical aDB.lyaia of filtel' papers, 
ThiB procedure is ginn in Table 2. 

Jor r.terence pnrposea the detailed analytical procedure ·as actriall7 
:toUoved b;r the cbelldeta in the laboratory is given in Su.b-aect1on 6.11. '.rhh 
procedure was carefull~ followed at all three analysis stations. 

- :3 - I 
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J.4 Procedure m hG-1 

Prior to Teat Z another Meeting vas held a.t XwaJalein, where an 1m
proved radiochemical analyah procedure t.., be follwed durine; Teat Z waa aereed 
upon. !his was baaed on the ex:perie!lCe gained in tbe prior tests. The ann
~tioal procedure for filter-paper analye1~ uaed in Teet Z is given in Table J. 

The detailed prccedure as followed by the chemists in the la.borato17 
is given in Sttb-eeetion 6.12. 

-6-
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4.0 RESUlTS 

4.1 ANALYTICAL RESULTS 

4.11 General 

The radiochemical P~lysis of aotlTitiea collected on ground !11-
ters was carried out along ~lth air-borne filter analysis. !he re
ault.s presented are fer ground filters alone. The combined resu..lh 
are presented and diacuseed in detail in Report 1 Contract WZB-099 
ae-40,5. 

The ree\ll h of all groUJld filter analysia for Te&t X, Y, and Z are 
presented in !able 4, Table j, and Table 6, respect1Yely. The per 
cent act1Y1ty in a fraction, or the yield, is defined as 100 times 
the ~tto of the counting rate for a given freetion to the counting 
rate for the gross leach, both expressed for the entire sample. 
D:lring Test X no groat leach mee.aurements were made, and therefore, 
r.ntics of the activity of fraet1ons are preuented inutead of yield 
percentages. 

The station at which the filter paper vas exposed is indicated by the 
index letters of the filter-paper number. Tbeee index letters are 
iden tif'ied in TAble 7. The ground-f'ilter papers from K'\<'!a.Jale1n and 
~m were analyzed e.t the reRpec:tive field laboratories at these lo
eationa. vhile all other paper& were analyzed at the Hickam field 
laborator.y. 

e 

• 

' 

• 



'UBLI 9 ' 

])!'AT or R!Wli&L AQTIVI 1'IIS e 
2m.a~ !l!!!!•!!t ~ SerteJ • !'n !horou {gu) liadoa. Bn 

'l.t/2 • 54 sec. Tt/2 ~ ).62S ~~ 
(1. 

a. 

'l'b.l Polontua lf&J,. 

'1/2 • 0.16 180, '1/2 = ).05 min. 
a. a. 

fh:B Ba.B 

'fJ./ 2 = 10.6 hr. f1/2 = 26.8 min. 
8 9 

ThC :Bl Sllll1 \h BaC 

't{~= 60.5 ~ln, 
9 .~) 

fl(~ = 19.7 m1n. 
9 9.9',C) 

PoloniUII Ra o• • 
()).~) 

!tf2 = J ~ to-? sao. fl/ 2 = 1.5 x 10-4 see. 
c. a. 

a. 

Fb208 (atable) Lead Lead BaD 

t 1/ 2 :: 22 ;year• 
8 

n c• 'fhalllua li1U!Utb Ba'l 

'1/2 = s dltl'• 
B 

~/2 = J.l lllill. 
II PalonS:wa Po210 

'f1/2 = 1~ da,ya 
a. 

Pb208 (stable) LMd fb-206 ( atable) Lead • 
R~~~s-'-2-7 b".U 
y::;-~~~ '1 d.~Jd't!'J 
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T.&m.;C 10 • 
Station ~ 

5l'OIW'IE 25 J.prll Zl8 78 :35.4 ,54.8 
to 

20.rune 48 

COLD PJ.Y, 26 .&prn 48 20" 58.4 
Aluka. to 

6 JUI!e 48 

MARCn FIELD, 22 April 48 26 26.7 40 • .5 
Californi-a. to 

4 June 48 
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5.0 COACLUSlOBS 

th1a reason some are 
cases extended in .Report I or Contract W2S..099 ac-405 • 
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Fig. 10 

TlU.Cl!:Rl..U L8 J'ILTBATION APPARATUS 

ptrex gleaa tube 

~laaa projections for 
attaching springs ---.1~ 

Jri tted Glasa 
Disc 

Pyt-ex Glau 
J'unnel 

Note! field experience indicated 
that rubber banda were l!I.Ore 
sat1sfactor,r than springs for 
holding the two pieces tight.lT 
together. Springs do not hold 
the pieces tightly enough to
eether to prevent aome of the 
precipitate from spre~ding 
out be~ween the benring sur
faces. 

- J6 -

.. 

Ground glass beRring 
surfaces around edges 

l'ilter paper h placeil 
here 

lf used vith a liaher 
11ltration apparPtus in
stead·Of a suetion flask. 
this tube should be 
lengthened so that it 
fits well into the re
ceiving vessel. Other
vise considerable !11-

• 

tre".te h l.oat d.u.e to· I 
filtrate epatterlng. 
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lwajalein-Ouaza '1';rpe Card 

/ 
J \ 

\ 
....... 

..;t, 

Description: 

Month and Yr. 

Z Sep'n. 'lin& __ _ 

Sample Bo. --.-

il'4'•--- 1 ~ ~I 16 ---.., 

ftg. 12 

Mo'ODTING CAlmS 

lilter paper centered 
over intersection 

J'il tar paper w«lll 
cantered 1n•ide 
of large ou tar 

circle 

- )8-

• 
V'\ 

Hl.ckam Type Card 

I J'ilter 
1 Paper 

D'eacription: 

Mouth aDd Tr. 

Z Sep•n. 'lime 

Sa~~pla Jlo. 

--~ -- 2 -1!.- _......,..t 
J2 ~ 
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(l) 

(2) 

(3) WQJ. K., and W1gner, E. F., FHYS. B3V., Zl• 1)18 (1948}, 
particularly eq. 19 

(4) reather, H., PROC. CAMBRIDGE PHIL. SOC.,~~ 599 (l9J8); 
sea also, Glendenin~ L, E., HtlCLEONIOS z, 12 {1<;148) 

(S) Summarized 1n priTate communication ~ith Prof. Roble.T 
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z. D!pQWCiiOlf 

!hi a report is concerned "ith Itea "IV of C ontra.ct W28-099 ac-407, 
ent1 tled 11I.oug llange Plannil'lili and Conaulta.Uon Phaae 11 • 'rhe report. on \be 
\raining phaae, monitor1nc field :phase, and chelllical anal18h phase hatte been 
submitted aa Iaporta 1. II. &Ad III, raapectiv•l1• of the preaent contract • 
Item IV. the aUbJect of ~ present contract, ia q~ted below: 

11!be contractor will fmrniah (SO) eopiea of a final report on 
an evaluation end recommendation of the entire radiologies! monitor
ing problem and vill make reco~ndatlona for procedurea·to be fol
lowed in the event that a a1m1lar prD3eot is initiated at aome future 
date. This vill involve a atuq of the eqtU.pment requirement., qual
ificatlona of required personnel, time required to train peraonnel. 
meth~d of recording and ~orting of radiological 4at•• methodl of 
anal111• of rad1oaet1:n aamplea and 8D.7 other stu.d1ea which are deemed 
to be neceaeary for a complete staff a~ud1 of mon1tor1Dg radioactive 
contamination. 1 

The first portioJI. of this 

ilent \t'hl.eh vas ina 
'fhe da1l7 averagea of 

sed and evaluated. Recommendations with respect to improvement 
oquipm.ent. £urthttr usage lfJJl.d./or cU•eontinUIIZl.Ce, are g1Yen. 'fhe aoa1\0r1ng 
data ~1ch were the resmlt of the collection on filter paper of fission prod
llCte contained in the air are evaluated froa an OYerall point ol 'll'iev. Similar 
e't'aluation with recommendations for lmprovement hae been made for the auxiliar.t 
counting equipment which 11 required to monitor ~e1e filter paper•. fhe types 
of •rrora which reaulhd from the ·routine reporting and recording of this rll41o
lo,;1aal 4ata a.re 11ated and the means for redue!Dg these errora to rm absolute 
minimulll through equ1p118o.t redesign. peraonnel tra1n1n,;. revision of the data 
sheets, and certain proce~ral chance• are en~erated. 

The problem. of airborne contu1Jla.t1on. which was dlle to t.he paaaa«e 
oi certain of the aircraft statio~ed at XwaJalein and/or Quam thro~ the 
atomic cloud durin€ the f1tzwlll1am testa, is considered in detail. 

,An overall evaluation of the entire rs4iochem1cal ~rogram and 'he 
recommendations pertaining thereto are given. This e'l'&lilaUan is co11alured 
from two point• of view: (a) with respect.to \he chemical procedures which 
were actually uaed durlng the J'itzwilliam tests and 1horU;r tllereatter. and 
{b) wi til. respect to radiochemicAl proeedu.ru which shou.ld evoln :tollovint; 
~th•r research ond development. In the latter case the practical 11m1ta.
tiona dne to the camplex1t1 o:t the problem. and the lov leYel of radloact1v
it1aa to be expected are enumerated.. 

Jinall;r, the errata in prev1oWily publ111h.ed reports ot thU ser1ea 
which perb.in to work done under A7 Contracts V~9 ac-4o!i anO. ac-lK>7 are 
lUtecl. 

• 

• 

• 
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). SUMMAR! OJ' DATA. EYALtJATlON. AND .UC~TIOliS 

PER'l'Allll1G TO Tn MOlliTORING PliOGRAK 

J.l jato!a}1c Recordinc liGld Monitors 

Tbe gr~~d radiological monitors automatioally recorded the count
due to the activity 

of' a 
llilllllllllllilllllthe i~ulaes 

were fed into a General Radio counting rate meter which in actuated an 
isterline-Angu.a recorder. the Geiger counter impulses 
actuated a standard aaal:l.ng 1m1t and the total nWIIber ot counts divided bT 64 
were automatlcal]J recorded on a Traffic counter at 15 minute 1nterve.la. The 
details of thia instrumentation, together ~ith recommendati~s for ~rovement. 
are given in 1'ul.l 1n Reports I and ll ot Air Ioree Contract '1128-099 ac-4o7. 

radiological monitors consisted ot a Wells Surve~ 
high pressure ionization chamber whose data were recorded b-J means of a Leeds 
and llorthrup Speed0J118Jt recorder. 'fhe details of this equipment l\l'e Bimilarq 
described in the above mentioned reports • 

J.ll Summary of Data and QoncluaiOJl.B 

The data in r1~~es l thro~ J are summarlzed in '!'able l Where 
the degree. of reliability of the indications for these testa is stated. An 

-)-

~~e~ J.j f)rwHfh l.tf U? ;.y, 
5;.. )'"!~-.> J J,J, ~,, L, 3 e:; .,J 

' 11 b ) ~ J .J I!.J ~+-e. J h )1 

ff ; J- r=;:N t!'.. , 
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!he £1lter paper employed in this unit was an 8xl81 sheet of 
Chemical Warfare V5. 'fh1s filter paper wa.s far more satisfactory from a radio
chemical point of view than the Air Material Type 8; furthe-r. it appears to 
have a considera"~?ly greater retentivity for :tine particles and 111 as yet su:t'
ticiently por~s to allow quite hi&h flow rates. f.he primary disadvantage of 
th16 filter paper is ita asbestos and uraniwn content. It is, therefore, 
recocuoended that research snd d.evelopmen t work be undertaken to deviae a filter 
paper for both routine surveyance and Sandstone ty.pe tests ldlieh wou.ld have 
esaentiall~ the same properties as the V5 paper except that it would be of an 
&ahless nature or completely soluble in some non-II.Q.ueou.s solvent,· end. its 
uranium contEmt would be essential.17 zero. It is further believed,· a5 de
scribed 1:~~ Section .5.~91 of this report, that the porosity of this paper can 
be improved to a considerable degree and yet its retentivity for these radio
active substances would be at least as ~rea.t as the V.S paper. 

3.22 Airborne Collectign 

~his unit consisted of en especially prepared air scoop which was 
attached to the rear bel~ g1nt turret of B-29 airplm~es. 'l!hese air scoops were 
designed to hold duplicate lBxS" filter papers. It is bel1evod that by appro
priate redeslct of these scoops the efficiency of colle.ction ws1n& the VS paper 
can be improved by approximatel:r a factor of four. This can be done by taking 
adv~tS€8 of both Venturi and Ramjet ef'fects. lt is further recOllllllended that 
the reded~ed air scoops be placed in a loce.tion where no air pasaing throU(;h 
the air scoop touches the airplmte. and thet the air scoop consist of a plastic 

- 16 -
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disposal unit. if possible. Keeping these factor.a in mind. it is also recolll
m.ended that the a.ir scoop be positioned where air tlow is maxiJIIWil. 

fhe type of filter paper ueed in these teats vas the Chemical 
Warfare Y5. ~e deurlption end recommendations !or the i~~~provement of this 
paper are gben 1n the previous section, · 

J.2J lilter Paper; Routine Monitoring EqUf,JJJ!teDt 

This equipment consisted of a large, thin-walled. a.ll-glass Geiger 
tube, a cylindrical lead ahield {the purpose or which was to reduce the baek
ground cou.nt), and a coa:rlal cable to attach the tube and its ·lead shield to a 
scaler. 'rhe detaila of ·these individual itemll are given 1n Report& I and II of 
D Contract V2fH)99 ac-407. 

J.2Jl The Wrap-Around Count@r 

':!!he wrap-around counter 1a an all-glass G-M tube tq>proximately zo• 
lOftg and l-Jt4• in diameter. Its diameter is such that the 18x8n filter paper 
just wraps around circtimf'eren tially. The wall thickness of these coun t.ers vaa 
supposedly 30 mgjc~. However, numerous counters have now been broken open Md 
the wall ihicknessea determined. They ·have been fomtd to vary bet.veen 50 and 
200 mgjcri!-. In view of th!.s, 1t is apparent that it 1s ex.tremel.1 difficult to 
correlate beta r~ mee.surements made 'lrlth one counter. with respect to anotber. 
The fill of these counters 18 unknown, but au:fficient information is available 
to state that either the majority of the counters are slow leakera or they have 
a finite shelf' llfei d-ue to apparent absorption of quench gaB on the ce.tho~ 
surface, the overall life of these counterc is apparently leas than 108 counts. 
It 1a therefore obvious that further work must be done to develop a aatisf~tor;y 
counter for this purpose. -It 1s to be recomcended that this counter be of all 
natal design and have a wall thickneu less than .50 JDi!,fcu!l. Thin Dural or 
stainless steel meets this specif"ication. They should be filled at greater than 
atmospheric pressure. eo that the r1e;1d1t7 and ruggedness of the counter will be 
111BX1lllal and are near:cy independent of the fabrication materials. Filla must be 
developed which do not result 1n a :f"lnite shelf life, and the counter life should 
be greater than 108 counts. The use of a thin metal foil·for the armeiUvc. area 
will enable the counters to be manu:f'actur&d with very reproducible end constant 
wall ~cknesa. !hese factors will result in counters of·constant aena1tivit7 
and, there.f'ore, da.ta obtained. with one counter w111 be uaet"u.l in evaluat1nc; data 

obtained with another • 

).232· lfhe Lead Shield 

The :purpose of the lead shield ..,,as to reduce the coscic and. local 
radis.Uon backgrOU!ld and to prOTide a rigid moun1; for the G-M tube. ~nf'ortWtate

ly the maJor1t~ of the lead shields in use were contacinated with radioactive 
lead and therefore the re~ction 1n cosmic ond local radiati~ wea not nearly 
so large aa one would expect. ~is shield was so constructed that it was ex
tremely difficult to insert the filter pai)Br in a. raproclucible fashion. and to 
prevent contamination of the tube by the more active !Japers. It is recoJmended 
that these shields be redesigned \'rith the e.bove views ln mind after the new 
wrap-around counter ia developed. 

- 17 -



there.from. This prooeciure we.e followed 1n certa.i.n of the stations. Pertinent 
data from the statione which reporhd auch collections are ,;hen in !able Z. 

3.25 Air and Ground Jilter Paper Hoqitor!ng Data 

Ground filter pagers were e;poaed in blowers in such a wq that 
approximate4r • • • passed. through an 8xl81 sheet of 
Chemical Warfare Paper VS in the nAMC• installation. The. installations within 
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In s~ar~, if one were to evaluate the strategic i~ortence of all ground 
monitoring proeedures,from the point of view of routine surveyance undertaken 
1n the J'it:r.william operation, plus 8:tJ.Y conceivable 1Jtq>rovementa which are 
obtainable during the next few years it 1s believed that :for routine SW:"Vei'lraJ\Ce 
and future testa airborne collection 

J.J !he Recording and Rmzorting of the Fil tar Paner Da.t.e, 

'Dle data sheets and the messege!orms for recording and reporting 
!;be radiological da.ta. obtained during the Fitzwilliam operation ar.e reproduced 
on pages JO to )9 of this report. tn general, this procedure worked quite well, 
but in order to ascertain both the accuracy of ~ o~erators in recording the 
data and the arerall general usefulness of the data sheets th~selves, a detailed 
atudy has been Qade o! all of the original data sheets which pertained to all ot 
the ground and air filter papers, 

J.31 ~he T¥Pts qf Errora 

The error made 'by the personnel are &WIIllltU"ized in ~able 4, according 
to stations. An inspection of this table abows that, except tor certain locations, 
a relatively small P-ercentage of total errors. were made considering tne intensity 
of the oper~t1ons during the Sandstone teste. Those locations which. shoved by 
far the highest percentage of errors were certain of the United States Steamshi?a, 
fhia is not an unexpected finding in view o! the operational d1f£1oulties aboard · 
these Bhipa ~lus the fact that the operators on the ships did not receive the 
f'ull c01.1rse given at .Fairfield Suisun which 1!1 described in Report 1 of' AI Contract 
¥28-099 ac-407. With the view towa.rd.s 1111provement in the dAta sheets, in the 
material to be presented in a course of instruction to possible operators £or 
ei~~r routine surveyance or further tests, and in the equipment to obviate 
possibilities of error, it is of interest to list the kind of errors found. For 
convenience. these errors are broken down into tour groupings whlch are identical 
to the colw:m headings of Table 4. 

29 



J'LIQH1' D!.T.t. 

T1me at which filter paper was lnaer~ed into iil ter auem.bly __ _ 
Da1 Mottt.h .Hou.r 
(OCT) (GCT) 

Lenth of exposure of. fll ter paper in minutes ••••.••.• , ...... ·-------

*Octtult of point at which filter paper was lnaer.ted ......... ·-------

Latl tude when filter paper vas inserted •• , •••••••••••...••.•• _------

Longitude when filter·paper was inserted •••.•••••••••••.•••.• _____________ _ 

Altitude o! aircraft during expo1ure. (Expren in tenu of feet and iruUcate 
co-ordinates where altitudes were ebanged during the period the filter paper 
waa expoud) ' 

Octant* of point at which filter paper ~extracted ••••.•. ·--------

Latitude wen filter paper vas extracted ................... ··--------

Longl tude when fU ter ·paper waa extracte:t ••••••••.••••••.•. ·--------

•octant wtll be determined from the following table: 

Korth Latitude 

0°W to 
90°li " 

180°11 " 
90oE " 

90°W •••.• o 
180°11 •••.. 1 

90°!l •••.• 2 
0~ ••••• ) 

MJ:ASUl!.J:J9jl'l'P DA'PA: .J'ILTER PAPER E9!JiffiEN!l 
STA'l'IOH~----'.D4TE OPJ.BATOl!. . SOALEB. XO ··----

l . 2 . 1 4 5 . 6 . 7 . Q 9 • 
'rime Time Time i'ime ScAler Reading 
Jl ·on 1F off start Qt.Stop Ct, Regiater lights 

Total Oounta 

llote: The background count h to be 
a count obtained for an unexpoaed 
sheet of filter paper selected from 
the interior of the pile and measured 

. during the ~ the exposed paper i a 
measured. 

Counts per JUn. · 

!ackgrou.nd count 

Counts per Minute_ 

llet Count 
Counts Per Minute 

The above net count is tranami tted 
directl1 aa obtained and not coded. 
Segatlva net counts to be designated 
by 000. 
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l'Ol'lll ll 

DATA SHUT: G-B MEDR (Ja.) .AND TlW'l'lC COUN'l'D ('l'R) 

Station--. ______ , _,.Date'--___ IJ!1me GM!r to ----
EA 

Operator ..... .._ _________ lnstrument 1 Type 'l'B. No··---------

Ship Stations Only- Pol!litlon and Co\1l"ael. __ "'-'!' ____________ _ 

4 

lle.J4ing §gale ractor Av .Counts per Min. Code 

L 

2. 

). 

4. 

s. 
6. 

7 • 

a. 
9. 

10. 

n. 

OolWID11 

1 = l:eUmated averqe reading of Es terllne~s recorder expresaed as a decilll&l 
over period of one hour or atamped hourly reading of Traf'ft.c Counter. 

2 r: Scale factor tor TR b 1.07. Scale factor tor lA ia setting of Scale 
Selector Switch. 

) = Kultl.ply Column 1 by Colum2 to nearJat Wiele number. 
4 c J'lrat lvo f'gurea f'rom Column J rounded to neareet significant figi.U'e. 

!h1rd figure dea1gnatea number o! !1gures in Column J less one. 

bample: 

J'or U - Column lo: .81 Column ?. = 6ooo 
!'or Tl! - Column l = )46 Coh111n 2 c l.O? 

Column 3 = 486o Column 4 = 493 
Column 3 = 370 Column 4::: J12 



·~T lom f2 

DATA SHUT: EILDB PAl'Eli ESJJlPMEN'-! 

STAT10lf~-----DA.D. ____ T.IKE~---'GM'l' to;.,.... ____ GM'l'. 

CP!RATOR..._ __________ SCALER NO •. _. _ __.FILTER EQUIPKEJlT NO ........ --

SHIP S'l'AUONS OM.Y: POSITION AND COUllSE:. _______________ _ 

1 

2 

J 

4 

s 
6 

7 

8 

9 

lO 

11 

12 

1 2 J 4 5 6 7 8 9 10 

7.P Ttme Tim~ fime Time Scaler Reading Total Counta 
No. Ff on r.p off Start Ct. Stop Ct 1 Beglster Lights Count• Per Min. Code 

Column 
1 F1lter paper number recorded on paper prior to inserting in filter equipment. 

• 

• 

2,J ~ime of inserting and removing paper in filter equipment. Three hour& is 
normal time except for designated sta.t1ol1s which will c.hrulge :filters every hour. 

4
1
5 Time of count while wrapped a.round G-M tube. Count should be taken for 15 min. 

6,7 Register reading and total of interpolating lights on. 
8 Multiply column 6 x 64 and then add column 7. 
9 Divide colucn 8 by .time of count (column 5- column 4). 

10 First two figures frcm col~n 9 rounded to nearest significant figure. Third 
figure designates number of figurea in column 9 lesa on~. 

EXflmple : Co~wm l 
2 
3 

.31 
0Jl2 
0612 

ColUIIIn 4 0900 .14 
5 091,5.18 
6 15 

Collllln7 
8 
9 

10 

40 
1000 
67 
6?1 

l'ilter papers wi.th counting rates o.f nt. l!!ast twice background shall be aent to 
Honolulu base imnedi~tely. 

~T 
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Jorm 13 

"'· 
tl) 

S'l'ATIO!f.._ __ _,DAn. ___ OPERATOli.:..... ___ .S'I'ANDARD BO • ._ __ .ur~. T!'P.E:.....--

10:....-_ _.TIME.__ __ (GMT) LINE DEQUEN'CY __ _.CYCLES LIRE VOLTAGE. __ v TV• __ _ 

• J'or TR: Standard Beading (1,5 min) at thre!Jhold. plus 7.5 volta~ _____ _..;Cltl 

64 x TR Readiy = countafmin. (CPM) Beading with Std. at TV plus 125 T CPK 

1.5 
-~-------------~-------------·---~-------

lor EAt Average ate.Ddard recorder reading (lS •in) aa decilllal at threshold plus 

?S Tolta. ___________ .Scale Selector aettiu,.., __________ CHI 

Average ata.ndsxd recorded reading (15 min) as decimal at threshold plu.a 

125 volta. __________ Scale selector aetti:u:,. __________ CPM 

Average recorder reading x scale selector setting= counts/min. -- - - - - - - - - - -- -- --- - - - --- -- - -- - -- - - - - -
J'or Wrap--Around Counter: 15 minute standard count at threthold. plua 15 IJ"olh. 

Start tlae. _________ stop tt.me~ ____ __.iegiater Read1u5,. ____ _ 

• Lights!_---------
_______ CPM 

• 

15 m1:n.ute standard count at threahold plus 125 volta. 

· Start time. ________ .stop tlllle .Register Reading.._ ___ _ 

Lights~------- _______________ CPM Code~--------------

Counta/m1n ( CPM) = Register reading ::r 64 + Lighta 
'l'1.me in m1nu tea 

-- - - -- - -- - - - - - - - - - - - - - - - - - -- - - - - --- - - - - --
Date. for o~ one instrument shall be recorded. on thie sheet 'lhich contains apa.ee . 
for one aet of calibrations (12 hours). Variation between counting rate at thresh
old plus ?5 volta and threshold plus 125 volta in exceaa of 20~ muat be investi
gated. If reason for deviations ia not explainable, or if repair assistance is 
required. the r6pair base station ahall be contacted. Copies o! all communications 
to Bepai~ Baae ehall be sent to Rololulu. 

Do not operate at voltage in exceas of ~e&bold plus 75 volta except as reQuireJ 
for calibration • 

$Starting or Threshold Voltage 
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Mesa~ Jorm 2 - Automatic Recording Device heporta and Ground-Air Filter 
Observation Report 

(.Report to be made every- 12 hours.) 
BO. OF 

smJUQE DIGITS ~ 

1 

2 

3 

4-15 

16 

17-28 

29 

.)0 

1 

3 

6 

) 

TOTAL 91 

InternattoQal Meteorological Organization List 

Weather Station I~ternat1onal Index NUmber 

Ds.te-time group (GH'r) at termination of 12 reading& 
reported 

Eaeh 3 digits for one of the 12 reanings reported. 
one at the end of ea.ch hour 

Tbree zeros 1nd1eat1ng the eod o£ the antomatic 
record1Dg devic~ report. ,At atations with no 
ground-air f'il tera • this will mark the end of a 
message. 

Ground-air filter report, Jllter reading& in per 
minute. VheD number of filters ia less than 12. 
the remaining boxes through 28 will be filled with 
aeros. 

Three zeros indicatillg tho end o! filter repdint;s 

Background readings for filters 

lfotea Where a given station 1s equipped with onlJ one of the above 
inatramenta. i.e •• either an automatic recording device or·a ground
air filter. bu.t not both, the mesa~ form blames allotted !or 
entering data of the missing instrument will be filled in vith zeros. 

S~T 
-,, -



Meaaage Yorm 12 Supplemental Instruction Sheet £or Automatic ~ecording 
Device. Reports BD4 Ground Air Jilter ObaerrA!ioa ~port, 

The following message sequence is to be transmitted by each 

atation at twelve-hour intervals. T.he two twelve-hour report periods 

• _, be selected to suit the convenience of the station. but once selected 

Sequence 1--1 digit--The International Meteorological Organiz

tion 11at number is to be obtained !rom ~e Air Weather $erv1ce officer. 

lllaval Aerologice.l o!1:1cer or the Weather :Bureau. office at the station. 

Sequence 2--J digits--is ~he weather station international index 

nuaber assigned to ~e station and may aleo be obtained !rom the above-

mentioned officers • 

.Sequence J--6 d1e1 te--la the date-time group. The :f'iret two figures 

are to be the GMT day of the month at the end of thf' observation period 

being reported and the remaining !our figures ar~ to be the time in Greenwich 

Mean Time at the end of the period o! observation. GMT may be obtained 

!rom the AW5, Aerological or Weather Bure~ Officers~ GMT must be used for 

recording all data. 

Sequence 4 to 15--12 groups of J digits each--to be used for report 

on automatic recording device. .EDter fn each g.roup o£ j digl ts the coded 

data tor each hour of the preceding twelve-hour period. Enter the coded 

data tor the first hour in the first group and so on. If no data is 

·available during one or more of the one-hour periods due to equipment failure, 

or other causes, the code 999 must be inserted in the appropriate ·group. 

same code 999 must also be inserted in the appropriate group for the hour 

lost during ~alibration and testing. 

Se~uence 16--J di~te--consists o! a group of three teres. 

indicating. the end of the report on the automatic record!~ device, 

The 

• 

• 

• 
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•• 
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V.easage Jorm 12 Supplemental Inttruction Sheet for Auto~tic Recording Device, 
Reports snd Groun4 Air Filter Observation Report. 

:Page 2 

At stations Ji.l,!h ng, grou;d. air filbrp this will mark the end of the 

meaaage, and the observer will ao notify the oomman1cat1~s officer. 

Sequence l? to 2~12 group a of 3 d1g1 ts each--to be used 1"or 

report on ground air filters. The code date. !or each meaa'lll"ement of a 

filter 1s to be lnaerted in the group correapondin~ to the last hour in 

which the filter was in the blower unit. The other hours are to be indicated 

by filling the appropriate grau~s with 000. 

EXample I. A filter is in the blower unit for three hours. 
r~ will be reported by two groups of 000 followed by the 
~oup containing the coded data ror that filter. 

ExAmple II. Filtera are removed from the blower unit ever,y 
hour. Each group will then contain the ceded data for a 
:filter. 

For.atations required to aubmit filter reports at regularly scheduled interv~ls, 

missing data due to equ1pm6nt failure is to be indicated by the group 999 

inserted in the hour group w.hieh would ordinarily contain tne data for thla 

measurement period. If less than the required number of filters are 

meas~red during t{e twelve hour period. due to causes other than equipment 

failure, the unused groups are to be filled with 000. It is of tbe utmost 

importance that no gro~ be left empty. 

Sequence 29--J digits--consists oi three zeros indicating the 

end of the ground a1 r filter readings. 

Sequence J0--3 digih--Inaert here the coded data for the 

measurement mAde on nn une~sed sheet of filter peper selected !rom the 

lnteri or of the pile of blanlc fll ter sheets. This lileasiU'ement is to be m.a.de 

at a convenient time within the twelve hours covered by ~le report on ground 

a1r filters. 



~T 
lfeasage l'o:na 1 - Aircraft Obsenation Report 

SE9UDQE 

t 

2 

3 

4 

.s 
6 

7 

a 

9 

10 

11 

12 

lJ 

10. OF 
DIGITS 

1 

) 

4 

6 

3 

1 

4 

4 

2 

1 

"' 
4 

b.terl'l8tional ll.eteorological Orpnization Lie·t · 
(1 thru. - ) 

' Weather Station International Index lUmber 

Teat &mple Number, arbitrarily and aerially aasigned · 
b7 station beginning with -~~1. 

Date fime Group at beginning of aircratt·obaervation 
(GMT) 

Length of observation in minutes. 

St8lldard Code Number for the Oct~t of the Globe 
at beginning of obaervation 

Latitude of aircraft at time of beginning of observation. 

Longitude of atrcra!t at time of beginn1~ o~ obeer
Yat1on (hundred digit will be understood b7 reference 
to Oa~t and will not be included in measage) 

Altitude of aircraft during observation in thousand& 
of .feet 

S~dard Code NUmber for the Oc~ta of the Globe 
at conclusion of observation 

Latitude of aircraft at time of conclusion of observation. 

Longitude of aircraft at time of conclusion of observation 
(hundreds digit '·rill be understood b7 reference of Octant 
and ~ll not be included' in message) 

Wrap-around net rate per minute in code 

i'his form mey alae be used by Naval craft equipped with ground air filter, 
Weather atation deaignatora will be.as~igned a designator beginning with 
Liat No. 9. 

• 

• 

• 
e· 
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!hese are all errors which resulted 1n incorrect listing of 
groas, net, or background counts per mtnute on the data sheets. !her are 
primarily simple arithmetical errors, as follows: 

Errors in multiplication, division, addition, or subtraction • 

Division by incorrect time interval due to the continued 
ueage of the time interval for the previous paper. 

Division by an unaccountable time interval while another 
counting time interval is listed on the data sheet. 

In certain instances the filter papers were too active to 
meas~e and only a portion of the paper was used. This resulted in two errors: 
(a) the readi~ were divided·by the fraction of paper counted before the sub
traction of background. and (b) the net counting rate vas not divided by the 
fraction of paper at all. 

!he reading was multiplied by 64 whioh was then entered as the 
register reading and waa again multiplied by 64 to give the counting rate. 

Powers of 10 errors, e.~. ~ecord1ng J66oo instead of )660. 

Direct addition of the interpolate value~ to the register read
ing, followed by mult1pl1cat1on by 64 • 

Jumerical errors in the background computation Which thus 
affected the net counts per minute. 

Failure to reset register attar each reading and neglecting to 
aubtract the previous reading which resulted ln a. CUimllative count. This is 
especial!~ true in dec~ data. 

Neglecting to list on the original data sheets gross count 
andJor register plus interpolate light readings and listing onlt net counts 
per minute. 

Copying errors in transposing data !rom computation sheets to 
data sheets. 

The roundine; off of vah1es inconeistentl.i and incorrectly. (Minor 
error) 

Makin& uee ot a slide rule and listing data to more than three 
aignitlcant figures. (lUnor error) 

Listing grou count& and backl;raUll.d counts to three significant 
fignrea and then listing net counts per minute to six or Dare significant 
fi~ea. (Minor error) 

Ignoring interpolate lights completel~. (Minor error) 

- 41-



~be p~imary source ot these numerical miatakea 1s due in part to 
arithmetical computations whiah are carried 011t bT the opera.tor, 1n part b7 the 
Ju.d&ment reqUired by the operator 1n renderiDg decisions u to the !ract1on of 
:filter paper to be counted, or the time 1ntervel. to be uaed, and 1n part by n.ot 
canyiDg' out apeci:f'lc inetructlona. 

The seriouaaess of tneae numerical errors is beit shown by Fig. 4 
which plots the !raet1on o! the tota1 numerical errQrS whiCh exceed a specified 
perc·entage error. An inspection of this f'igur& 8hova that 42$ ot the nUJII8r1cal 
mi~tNt:es were in enor by at least 1J,, 2?$ were in error b:r at least 1~. 4~ 
"ere in error b;r at least 2~, and 1:' were in error by at leaat 5~. Thua, it 
can he stated that an exceedingly small fraction o~ the total number of errors 
were of serious magnltade. 

).)12 Time and nate Errors 

fime errors ·are those error1 which result in an tucorrect GMf time 
for the collection or measurement of the filter papera, as follovat 

Using and reporting data in terms of local tilDe rather than GMT 
time. 

Incorreat date which "as due to •eaaurements during a twelve-hour 
interval startin~ in one day and continublf; into the next. 

Time and/or date not recorded at all on data sheets. 

Onl;y one time end date given on a data sheet but da.ta sheet uaell. 
for mo·re than one filter :paper which l:l&Y" or may .not have been measured consecu
tively. 

3.)13 C2d1ng Errors 

Coding errors are all errors which resulted in the trena.mittal of 
data which vere not identical to that on the original data sheet. 'l'he coding 
method used vas to report the first two significant figtU"eB and the third figure 
represented the total number of integers minus one. ~eae coding errors mar be 
a~arized as followas 

Neglecttng to subtract one from the total number of integers, re
sulting in a ten-~old tnarease 1n the reported counting rate. 

~he addition of one rather than subtraction, which resulted in 
e. factor of one hundred increase in the rep~rted counting rate. 

No apParent correlation between the improperly coded number& on 
the Meaaageform with respect to the.net counts per minute liated on the data 
sheet. 

Intermittent coding. 

Failure to oode after instructions to begin coding. 
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'rhe coding of those dec~ rea.dlJ:I4l:s which should ne 1 ther have 
been coded nor sent. 

Co~ to only one Blgnii'ieant fig11re. for eXBIIIple ).500 codsd 
as 40). Second aigni:tlcant :i'igw-e incorrect because o! improper rounding ott. 
(Minor error) 

).Jl4 Miscellaneous Errors 

'rheae errors include all miacalls.neous errors. BUch as nwu.beri~ 
errors, flignt data errors, etc. 

lumbering Errora.-

NWDbari:ag anew dail.1. wee~dy. or month}J', using an identical aet 
of numbers ~epeatedl7, which makes identification of the filter papers with re
apect to flignt andfor collection date impossible. 

ln a series o! filter papers from one station. no numbers listed 
on the papers but no vacant numbers in the aariea to assign to tbe&e. 

Identical sets of numbers used tor both air ~d ground filter 
papers at a station and thus there is no means of distinguishing between them. 

Ua~ of a1phabetica1 designations with no explanation o! their 
significance. 

Flight pata Errors.-

lncorrect poaitlon andfor altitude of filter paper insertion 
information due to 1ncorr$Ct copying from preT10~ sheet. 

Omission of position nn~/or altitude in fl~t data sheets. 

Incorrect recording of original flight data pertainin~ to posi
tion, time and time interval of e~sure. 

Other Errors.-

No records of when atation is inoperative and thus no positive 
!Ileana of ascertaining whether data exists or is missing. 

Some of the data oheets have been copied and/or retyped, ~ch 
resulted in errors o! transposition • 

.No information on original data sheets except .net counts per 
minute, which renders checking impossible. 

Data completely illegible. 

7a11ure to follow the requested ealibratlon instructions with re• 
1pect to deter~~~ining Geiger tube thresholds, plateaus, curves, and changes 1n 
aenaitivity by comperiaon with standard. 
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l'a1lure to malce routine determinations of background. 

Lilting d&t.a in code onl.¥ w1 th no further 1D.!ormation on data. 
sheet. 

Reporting ground filter paper readings aa a1r filter paper read
ings. and vice versa • 

J.J2 Recomme;dationo 

It ia apparent that, although there was a relatively small per
centage of aerioua errora. lt would be worthwhile to take steps to reduce the 
t;rpes r4 errors which occurred as much aa poaaible. Thl.a can be done pr1ma.r1~ 
1n three ways, npmely throUgh the redeeign of equlpaent, 1mprcrre111enta in the 
training of personnel, and revising the data aheets which are provided tor the 
recording of the date.. 

),)21 Eq~ipment Redealgn 

:S:qulpment redeaign would olwiate most of the arithmetical errors 
and those errora which were due to incorrect usage of time intervale ror count~ 
ing. Th~s this routine mon1 tori~ equipment ahpuld constat of a completely 
automatic scaler which counts a predetermined number of Geiger tulle diachar~ 
pulses. fhis would lead to a fixed statistical error for all of the stations 
and would s1mpl1fT intercorrelation of all of the data. It would also be 

. advantageous to dellim e. counts per minute clock which could be attached to 
this predetermined scaler and which would therefore rield a direct reading in
strument requiring no computations whatsoever • 

J.J22 ~raining of Persgnnel 

In general. the personnel Who operated -the field atatlona during 
the F1tzw1111sm teats was completely satisfactory. It is, therefore. recom
mended for f'u.rther testa or for routine surveyance that ofi'lcera be u.sed who 
ha.ve a ba;ck&round in electronics and who have had a co~se of instruction eseen
tia.ll¥ identicEil to that d.eaeribed in Report 1 of AE Contract W28-099 sc-4o7. 
It is believed, however, 'hat certain improvements can be made by giving more 
emphaaia to the a1~1£icance o~ the data taken. Bepe~ted inatructlana should 
be given as to the use of the data sheets and the coding method until it becomes 
completely ~tomatic. Each officer should be briefed as to the inter-relation
ship between GM~ time and loc&l time. Coding errors cen be obviated \o a con
siderable de~ee by repeated inst~tiona until each officer rece1vea 10~ on 
tests of this nature •. 

J.J2J Revision ot Dat• Sheets 

Although in theory the present coding syatem 1s satisfactory, 1t 
ha.s reaul ted in appreciable en ora of transMittal. It is, therefore, r-.coJ!li)Jended 
that: 

A three digit code still be Wled but that it be changed such that. 
the first di~it represents the total number of digits in the result and the last 

- 4.5 -



two represent the first two significant figures, correctly rounded off. This 
should eliminate the confusion whieh has resulted from subtractiP~ unity from 
the total number of digits. 

Space be provided on the data sheets for time and date in local 
as well 8$ GMT and for the coded value to be sent. 

it 
Each filter paper (flight ar,d ground) should have writton on it. 

aside from the filter paper number no~ recorded, a'code word for the station 
where it is counted plus the aircraft numbar, if it is a flight filter paper. 

A space should be provided on t-he filter paper datP.. sheet for 
the portion of the paper used for counting. 

A space shoul~ be added to the flight data sheet for the air-
crai' t nunber, 

Net counts per minute on the flight data sheets.ahould be code~, 
using the recommended altered code. 

There shu~lJ.ti be a place on the flight Os.ts. sheet for the coded 
date. 

The ceded net countin& rate for tC.e standard sample u.sad. tG 
calibrate the wrap-around counter should ~e tr~sm1tted, ThlB can be dQ~~ oy 
making use of sequence 29 of Hessageform 2. 

Space shoul~ be provided on MesG~~e!orm 1 for the aircraft number . 

J.J24 Proceaural Changes 

Any time when it is required. to coWlt l"ilter papers and thE' .,.tatir;n 
is inoperative,· this :;::Umlc'. be noted on a. fil ~er paper data sheet, as ~~ell e.s 
the presently used sch.<.!>l.e of transmi ~ting 1 t ..:.on the 1-!essageform by .lll9E!.ll!l of 
lt999". 

i'articular emphasis should be t>i'1'en ':o instructing personr1el to use 
a continuous numbering method ~d to a.ccount f-,r each filte'r :paper which has been 
exposed. In rare ca.ses l/heJ•e the !11 te.r pap<..r h~.:l been mislaid, it is reca!ll
mended thnt a blank filter paper with the co~plete history of ~e miasing filter 
paper written on it be inserted. If at m;y l. -.. ~J'! the miss in~ .:paper is found, the 
blank paper should be removed. ln no ce,;l~ :::r.o.::.::.;! any station be eJ.lowocl to set 
up its own n~bering syste~ in a hapha:ard ~anner. 

In order to distin~uish between gr~~ld papers mad air pepers, it is 
recou!lo~ended that l"ollo\<d::~,c the eode ~md the tltatioo. where t.be eounti:t~ is +.rJdlll;; 
place, the letters 11 (1.11 a.nc! 11A11 , respectively, shouJ.d be usad to desic;n;:..te the 
t]pe. 

A re&Ule.r report should be su.pplied to all stations on the t;roes of 
errors vhleh hnve been encountered b~· e.ll o~erfl.tors -..11th i!.dv ice as to meWJ.s o:f 
elimination. 

• 

• 

• 
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Data sheets ahould be routinely inspected by the field supervisors 
~lng their routine inspection tour, and all errors should be pointed out to 
the operetor with reco~endations for el1n1nation • 

-~-
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4,)1 R@A~ocbemloa1 Tield D&tl 

Table 8 is a ~1 ot all radiocnemical yield data and pertinent 
1nlorDat1on obtained on these hot air tllter papers and aircratt wiping&, Ail 
7ielda vera calculated by dividing ~e total acti~lty in a given fractl~n by the 
total le~bed activity obtained !rom the counting rate or the leach aliquot. An 
1nepect1on of this table show• that all filters wh1ch were anal1zed originated 
on aircraft 45-Zl8JJ or 45-218)1. except filter paper number G-139? whieh origin
ated on 4S-2182). Column VII ahova the ratio of ·tbe leached activity to the 
wrap-around count on hal! 'the filter paper (VII ~ VIJV}; thll radio is a rough 
index or the efficiency of the leaching process. 

f.be variance in the respective chemical yields of a ~ven fraction 
la to ~e n~ted; for example, the aah varies by a factor of 8.5. from a minimum of 
4~ to a maximum of ~. Other rractione ahov variations involving eYeA larger 
factors. upon further examination ot fable 8, one di&covers that certain corre-

b 11 rh 1 ld f th s • .. t ; . - .l" . . • t ' 

' ~.f tti t - I I ' 

y ' attri~\ed to the following four ~actors: (1) the relativelY low activit7 levels 
of the aemplea and the reaultant low countin& r~tea of the separated fractions; 
(2) the absence of radiochemical balance techniques which enable one to determine 
recovery afticlency by taking· aa the true radiochemical yield the product of the 
apparent radioche~ical 7ield and the ratio of the weights of inactive carrier 
added and recovered; (J) the incomplete separation and purification of tba chem
ical fractions (i.e •• contaainat1on); and (4) the lack o! reproducibility of the 
leaching process. Considering the preceding information. it ia probable that no 
signif1C8nt difference• exist in the radiochemical assays of these filter papers 
and. more important, certainly none between the aircraft vlpinga and the air 
filter paper. lD Yiew of this there ia little 4Qubt that the artificial activ
it~ present an ~e !light filter paper is the result of contaminated aircraft. 

4.)2 further Proof ot the Presence of fission .Pro_jluct Actidtz 



• 

• 
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.5. OJliRALL E!ALQATION OF 'rHE ENTIRE B.a.DlOCHEKIOAI. PBOGlW,! AlPl BBCOMMJitNllA.TIONS 
PER'!'A.INilfG 'l!HEBETQ 

During the Fitzwilliaa operation. three chemical laboratories were 
maintained 1n the field for the purpose of undertaking radiochemical aaa~s aa 
soon as practicable on both the exposed ground and air filters. The methods of 
analyaia used and the papers ao ed are described 1n detail ln Reports I 
and II 

It is uaef~l to appraise the accuracy with.which this information 
was attained during the .Jitzwill1am field operations, and it 11 of interest to 
evaluate the info~tion which ia believed to be theoretically obtainable follow
ing further research and development. This section consists of two main sub
sections. one which considers the former and the other the latter. 

5.1 The Evaluation and AccuracY ot the Radiochemical Proce~res Used Dgring 
the FHz;wil11a,m Wests · 

5.11 Gaseous Fission Products 

The data in Rspor\ 1 of AF Contract WZB-099 ac-4oS indicate that 
no gaseous fission products could be found except in the ~ediate v1cinlt~ of 
the atomic exp1os1on. A cona1derat1on or the volume o~ a1r that could presum
~bly be collected by thi$ method indicates that it 1a not vorthwh1~e to pursus 
this poaalble means of collection. 

5.12 Au:recate Nature of the l'1ea1on Product A.ctiyl t:r 

- 6) -



importance of these data with respect 
is discuss-ed in Sections 5•291 and 5.292 of this 

5.1) 11ssion Products 

Considerations of the data gi~en in Reports l and II of Af Contract 
W2B-099 ac-405, Report lll of U Contract W28-099 BD-!+01, end Section 4.o ot this 
report. indicate that radiochemicAl anBlyses can irrefatablY prove that fission 
products are present on all filter papers. provided that gross counts greatex: 
than )00 counts per minute are attrtbutable to artificial rad1oact1vitT as assayed 
on the wrap-around counter at the time the paper is received at the chegical labor
ator, field station. 

5.14 

• 

• 



5.2 Evaluation of Informa\1on to be Obtained !rom a Radioebemical Pro&ram Follow
ing rur~er Research and nevel~nt 

5.21 Introduction 

con\ains a desc be the 
a description of practical limitations to be expected, and a number of recommenda
tions made on the b&ais of these cansidar~tions. 

-~-
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These sections are considered separately below. 

5.22 ~ntifieat1on of F1aa1on PrQdutta andtor l\aaionable Material 

1?~<.~ 7 2- .J-4~-jl, 7 ~ 
h.> j.-1-1, -r;; )'<'-:!1: l A/ H"' d I ;;" 
d~~J~i~J ) '1 A; r-F.;J-c~ 
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5.28 PractiCal Limitations jo ~ Prod~ement of In£ormat1on 

e 

• 

•• 

• 



5.29 Recgemend&tion! for Research an~ Development Pertainin« to R8d1ochemi;a1 
'Pdysea end Aasv Progry 

Considerations of the 
tainable in theor,r fro~ material collected 
bomb blast, together vith.the practical 
the recommendations detailed below. 

5.291 RegommeAdatlona .!or th~ Collectiott Pr~ram 

Slnce the collection of materlal from a blast is so intimately con
nected with the requirement• of the radiochelllical treatment of that material. 
the recommendation 1a made tha~ these problems be cloeel7 integra-ad. ~he follow~ 
iD& aspects of oollection should be studied in detail: 

(a) A general studJ' should be made of all •ethoda and techniques 
preaentl)r u.aed for the removal of fore!~ material f'roa gasea.. with special 
emphaaia on the particular reqairemente t.poaed b¥ the long ran&e deteotio~ 
program. !hia includes the removal of radioactive aubsta:nces from air mane• 
by paasage through suitable solid or liqUid materiala, e.g. filter paper, ftlter 
mata, fil~er cloth, liquid sprBT, etc. The poasibility of ~sing electrostatic 
precipitators wh~cn are especially designed for airborne collection should also 
be 1ttYeati~ted. 

The data acquired during the 7itzv1lliem 

(b) Of the methods tm.d technique& studied,. referred to above,_ 
those llhich appear most promislnc -llhould be more carefully conaidered, and de-
velolJed to the vlth, or 1D place 
of filter papers, · 

(c) A Collaiderable effqrt should be put into ~e d.eveloplllent of 
a filter p~r batter suited to the particular require~ts of the lon& raage 
detection program than the Chemical Warfare paper V5 uaed in the Jitswllliam 
+,eats. 'l'hls paper conta.1na abQut ~asbestos which interferes considerably with 

78 -
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Jurther, \he paper 48-
Telapmen carr out wit.h a view toward.a ta:ln1ne; more dellirt~.ble 
collection proper\1ea, aucb aa high collection etftciencr ~d low preesure dr~ 
through the paper at the flow rataa lnTolved. · 

(c) The filter paper hoaaing attache~ to the rear bellr gab turret 
ot the B-Z91s in the 11hw1111u operation should. be improved, as state!i in Sec-
tion J.2Z. ' 

5. 292 h;QliDllend,aUopa for a. Portiqle StudY' Program 

'!'he diacoveey of particles on the filter pa.pera from the 11t1Yill1am 
·testa vas -.do late 1n the course of AY COll.tracta ¥28-099 ac-405 and ac-407. !hia 
aspect of t.he problem is ai autticlent import to warrant considerable further 
atuq. 
particles. 

5.293 Recommoada~igna tor the Ra41ochemica1 Progr.m 

-79-
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